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Austin,  A.  O.  Factors  Producing  Reliability  in  the  Suspension  Insidator: 
Transmission  line  insulators  are  affected  little,  if  any,  by  normal  work- 
ing[  loads,  providing  high  maximsum  stresses  are  not  set  up.  As  the 
reliability  of  an  insulator  depends  largely  on  the  factor  of  safety,  pro- 
vided not  for  apparent  loads  but  for  the  maximum  stresses  set  up  in 
the  dielectric,  it  is  important  that  true  factors  of  safety  be  determined. 
Two  strain  or  dead-end  insulators  having  the  same  ultimate  mechanical 
strength  may  have  far  diflFerent  internal  stresses  for  the  same  load. 
Combined  stresses  due  to  temperature  and  load  may  reach  a  very 
high  value  for  a  comparatively  low  working  load.  Since  strain  insu- 
lators work  under  comparatively  low  factors  of  safety,  damage  due  to 
static  puncture  or  partial  mechanical  failure  will  tend  to  show  up, 
particularly  on  hot  days.  In  some  systems  the  lowered  factors  of 
safety  on  dead-end  insulators  decrease  the  reliability  so  that  a  single 
insulator  of  this  type  may  constitute  a  greater  hazard  than  miles  of 
purely  suspension  line.  This  makes  their  use  for  increased  safety 
often  questionable.  Electrical  factors  of  safety  may  be  increased  for 
the  unit  by  testing  above  flashing  voltage.  This  can  be  done  by  the 
surge  test  or  by  oscillations  set  up  when  insulators  spill  with  poor 
regulation  in  the  testing  apparatus.  The  use  of  protecting  air  path  is 
the  only  efficient  means  of  protecting  insulators  for  severe  surges,  the 
reliability  of  the  insulator  increasing  as  the  ratio  of  dielectric  strength 
to  protecting  air  path  increases.  This  protection  is  increased  by  short 
spacing,  good  distribution  of  stresses  in  series  and  decreased  time  lag 
in  the  protecting  gap.  The  tendency  is  to  increase  the  factors  of 
safety  which  is  most  easily  done  with  small  efficient  members.  Owing 
to  the  cflfect  of  mechanical  strength  on  the  design,  further  increase  in 
the  factors  of  safety  must  be  accomplished  by  discharge  horns,  or  by 
decreasing  the  protecting  gap.  Since  the  factors  of  safety  are  low  at 
best,  great  care  should  be  taken  in  deciding  on  the  mechanics  of  the 
line,  so  as  to  keep  down  maximum  stresses  in  order  that  the  factors 
of  safety  may  be  large  enough  to  give  the  desired  reliability. 

Discussed  by  .Austin,  Creighton.   Nicholson.  20I 

Bump,  M.  R.  Report  of  Committee  on  Receiving  Apparatus:  The  report 
criticizes  the  lack  of  interest  among  member  companies  in  supplying 
information  to  the  Committee.  In  this  increasingly  important  field  of 
research  work,  results  that  will  benefit  the  industry  cannot  be  shown 
until  the  Association  is  prepared  to  spend  money  on  investigations, 
and  the  members  to  share  their  experience  and  triumphs  in  the 
struggle  to  master  the  tremendous  problems  of  practical  work.        238 

Coombs,  R.  D.  Transmission  Line  Construction:  While  the  scope  of  this 
paper  is  not  limited  to  any  particular  voltages,  the  matter  discussed 
relates  primarily  to  transmission  liners  carrying  voltages  above  the 
2300-volt  class,  and  it  is  hoped  that  the  outline  of  the  author's  views 
may  result  in  a  discussion  by  the  meeting  that  will  be  of  benefit  in 
the  advance  of  the  art.  In  general,  the  construction  or  structural 
features  are  considered  rather  than  the  electrical  or  operating  condi- 
tions. It  is  apparent  that  the  author  considers  the  physical  character- 
istics of  a  pole  or  tower  line  as  deserving  of  careful  attention,  and 
that  a  too  hasty  inclusion  of  mechanical  limitations  in  a  specification 
may  result  either  in  a  disproportionate  expense  to  the  industry  or  in 
transmission  lines  of  inadeqnat'*  strength. 

Discussed  bv  Coombs.  Lof,  Osborne,  Paine,  Richardson.  277 
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'ooPER,  Hugh  L.  The  System  of  the  Mississippi  River  Power  Co.:  It  is 
a  far  cry  from  the  crude  mechanism  of  the  Qiinese  monjoli  to  the 
complex  curves  of  the  modern  turbine.  The  evolution  of  the  water 
wheel  includes  several  different  countries,  many  centuries  of  time 
and  a  roll  of  honorable  names,  among  which  our  own  James  B. 
Francis  is  to-day  the  most  prominent.  A  glacier  came  down  from  the 
northeast  and  dumped  itself  into  the  river  above  Keokuk,  making  the 
water-power  development  possible.  Capital  to  construct  the  work  was 
obtained  in  England,  Germany,  France,  Belgrium  and  Canada.  The 
history  of  the  project  and  a  description  of  construction  work,  with  a 
large  number  of  lantern  slides,  conveyed  to  the  audience  a  vivid  im- 
pression of  the  immense  proportions  and  great  economic  importance 
of  this  power  undertaking  which  is  second  in  interest  only  to  the 
Panama  Canal.  226 

'reighton.  E.  E.  F.  Survey  of  the  Conditions  of  Protection:  The  paper 
is  largely  devoted  to  the  subject  of  lightning  arresters,  their  opera- 
tion, application  and  latest  developments.  The  multi-gap  arrester  still 
holds  a  predominant  position  in  distribution  work  at  or  about  2300 
volts,  because  of  its  lesser  cost  and  of  the  fact  that  it  can  be  made 
insensitive  to  arcing  grounds  and  at  the  same  time  sufficiently  sensi- 
tive to  protect  transformers.  In  order  to  get  a  high  degree  of  pro- 
tection for  lightning  transformers  an  arrester  should  be  placed  at  each 
one,  since  if  it  is  located  only  a  few  poles  distant  it  will  be  ineffec- 
tive against  the  concentrated  and  localized  potentials  due  to  lightning. 
In  order  to  supply  this  increased  demand  and  at  the  same  time  reduce 
the  cost  of  the  arrester,  there  has  been  developed  a  self-housed,  self- 
contained  form  of  the  multi-gap  known  as  the  compression-chamber 
lightning  arrester.  In  this  type  the  shunt  resistor  has  been  discarded 
and  more  series  gaps  have  been  added,  thus  giving  it  better  arc-ex- 
tinguishing qualities.  In  aluminum  arresters,  the  charging  resistor 
represents  a  good  investment.  The  qualities  which  make  it  a  good 
discharger  for  lightning  make  it  take  a  heavy  current  if  the  films 
are  not  in  good  condition.  It  is  possible  to  place  in  series  with  such 
an  arrester  a  resistor  of  considerRble  r?sistan^e  without  preventing  it 
from  taking  its  full  charging  potential,  and  this  solves  the  problem 
of  limiting  the  charging  current  to  a  reasonably  small  value,  even 
though  the  films  are  badly  dissolved.  Another  measure  found  advis- 
able, in  order  to  prevent  arcing  across  the  horngaps  while  charging, 
is  the  use  of  spring  clips.  Previous  to  January,  1912,  an  organic 
electrol3rte  was  used  in  which  a  fungus  growth  was  apt  to  appear. 
Since  that  date  the  operation  of  this  type  of  arrester  has  been  greatly 
improved  by  the  use  of  an  inorganic  electrolyte.  Ordinary  pipes 
driven  into  earth  well  salted  will  give  as  good  a  ground  connection 
as  can  be  obtained.  Most  of  the  resistance  of  an  earth  connection 
lies  in  the  immediate  neighborhood  of  the  pipe.  Moisture  is  necessary 
to  reduce  the  resistance,  and  the  salt  supplies  this  conducting  moisture. 
Discussed  by  Creighton,  Lof,  Paine,  Roper,  Rushmore.  157 

E>owNiNG,  P.  M.  Report  of  Committee  on  Distributing  Lines:  In  the 
discussion  of  distributing  lines,  voltage  is  not  considered  as  a  limiting 
feature.  The  construction  especially  considered  is  that  of  the  Western 
and  Pacific  Coast  States,  since  these  have  done  most  of  the  pioneer 
work  in  distribution.  Many  changes  have  been  made  in  methods  of 
transmitting  and  distributinp:  electrical  energy.  Voltages  which  a 
short  time  ago  were  not  considered  commercial  possibilities  are  to-day 
being  use^d  not  only  on  long  transmission  lines  but  very  generally  for 
distributing  purposes.  Rates  are  continually  being  reduced  as  the  ter- 
ritory served  increases,  thus  forcing  operating  companies  to  adopt  a 


construction  the  cost  of  which  will  be  the  minimum  consistent  with 
good  service.  A  study  of  the  voltages  to  be  adopted  in  new  territory 
is  made  and  a  comparison  drawn  between  these  and  the  demands  of 
congested  business  centers.  Star  and  delta  connections,  alternating 
and  direct  current,  the  use  of  batteries  and  of  the  turbine  for  both 
reserve  and  regulating  purposes,  all  have  attention  in  connection  with 
the  problem  as  a  whole.  Types  of  line  construction  have  not  changed 
greatly  during  the  past  few  years.  A  satisfactory  way  of  carrying 
two  circuits  on  the  same  line  of  poles  is  given.  The  use  of  iron  wire 
is  suggested  where  load  is  small  and  voltage  regulation  not  of  g^reat 
importance,  as  in  reclamation  and  irrigation  work.  The  rather  severe 
requirements  of  the  California  Commission  with  regard  to  crossing 
construction  are  discussed.  The  relation  of  gross  revenue  to  cost  of 
investments  in  new  line  extensions  is  studied  in  its  connection  with 
long  time  contracts  with  customers.  Sometimes  the  extension  might 
be  made  on  the  basis  of  gross  revenue  for  five  or  an  even  greater 
number  of  years  equalling  the  investment.  The  percentage  of  power 
bills  rebated  averages  from  20  to  25. 

Discussed  by  Hamilton.  McArthur,  Ncgley.  239 

Griffin,  R.  A.  Poles  and  Pole  Preservation:  In  this  paper  the 
author  spves  data  as  to  the  annual  consumption  of  wooden  poles 
in  the  LJnited  States,  citing  the  different  woods  used  for  poles  and 
describing  the  qualifications  of  the  various  woods  for  this  purpose. 
He  calls  attention  to  the  necessity  for  greater  attention  to  the  ques- 
tion of  a  preservative  treatment  of  the  poles  in  the  permanent  lines 
of  the  operating  companies,  describes  various  methods  of  artificial 
treatment,  and  reports  actual  results  thus  far  .obtained  in  this  country 
by  these  methods. 
Discussed  by  Ballsley,  Cole,  Vanderpoel,  Van  Dyke.  143 

Kingsbury,  Albert.  A  New  Type  of  Thrust  Bearing:  The  paper  de- 
scribes the  construction  and  principle  of  operation  of  the  author's 
patented  type  of  thrust  bearing,  and  gives  data  from  tests  and  service. 
The  bearing  consists  of  a  rotating  collar  sliding  on  stationary  support- 
ing surfaces,  the  whole  being  flooded  with  oil.  The  lubrication  is 
automatic,  no  high-pressure  pumps  being  used,  but  a  low-pressure 
circulating  pump  with  a  gravity  system  is  sometimes  employed.  The 
bearings  are  simple  and  durable  in  construction,  can  be  made  to  carry 
great  loads  at  high  speeds,  and  run  with  very  low  friction  and  little 
wear. 

Discussed   by   Parker,   Rushmore.  131 

McClelland,  R.  J.  Report  of  Committee  on  Membership:  The  Com- 
mittee has  divided  the  country  into  districts  and  appointed  a  vice- 
chairman  for  each.  Blank  applications  have  been  issued  and  an 
appeal  is  made  for  special  effort  on  the  part  of  the  members  of  the 
section  to  increase  the  membership.  Full  and  complete  lists  of  all 
hydro-electric  transmission  companies,  both  in  and  out  of  member- 
ship have  been  available  and  marked  effort  should  now  be  made  to 
work  up  enthusiasm  in  this  important  section.  The  increase  in  mem- 
bership during  the  past  year  has  been  small. 
Discussed  by  Rushmore.  6 

Ma  HONEY,  J.  N.  Developments  in  Protective  Apparatus:  Improvements  in 
oil  and  carbon  circuit-breakers  and  lightnin|?  arresters  due  to  the 
high  voltage  and  generating  capacities  now  in  general  use  are  des- 
cribed in  a  large  number  of  types  and  sizes  to  meet  various  break- 
ing capacity  requirements  at  voltage  up  to  165,000  and  conducting 
capacities  up  to  4000  amperes.    Design  and  construction  improvements 


XI 

for  moderate  capacity  and  voltage  service  include  porcelain  insulating 
pillars  clamped  in  position,  contact  details  clamped  thereto,  use  of 
removable  separate  arcing  contacts,  heavy  steel  plate  tanks  with  lap- 
welded  points,  greater  volume  and  head  of  oil,  and  strong  tank  sup- 
porting details.  Medium  voltage  and  capacity  breakers  have  in  ad- 
dition, individual  tanks  per  pole,  on  either  a  single  multipole  frame  or 
individual  tanks  per  pole,  on  either  a  single  multipole  frame  or 
individual  frames  for  each  pole,  ".butt"  type  high  contact  pressure 
laminated  brush  contacts  self-cleaning,  "butt"  type  solid  arcing  tip 
situated  to  reduce  the  arcing  to  a  minimum.  High  capacity,  medium 
voltage  breakers  have  elliptical  or  round  tanks  of  the  strongest  con- 
struction, in  which  the  metal  is  used  in  tension.  Expansion  chambers 
and  appropriate  vents  are  provided  for  the  arc  gases  in  all  designs. 
For  very  high  capacity  and  voltage  a  breaker  having  self-contained 
reactance  cut  into  circuit  on  operation  of  the  breaker  is  now  standard. 
Carbon  breakers  are  now  made  in  standard  capacities  from  3  amperes 
to  24,000  amperes  up  to  1500  volts  direct  current.  Modern  types 
include  the  "butt"  wiping  form  of  laminated  brush  with  metal  secon- 
dary contacts  and  "butt"  and  wiping  carbon  final  contacts.  A  new 
feature  in  a  line  of  breakers  for  moderate  conducting  and  breaking 
capacity  is  the  use  of  pressed  metal  parts  nearly  throughout.  The 
heavy  service  breakers,  for  the  higher  currents  and  voltages  have 
several  steps  of  increasing  resistance  in  shunt  to  the  main  contacts, 
are  provided  with  ventilating  passages  between  the  several  brush 
units,  which  also  reduces  the  skin  effect  on  alternating  current;  they 
use  the -laminated  or  "bus  bar"  form  of  terminal  stud.  The  aluminum 
electrolytic  arrester  has  displaced  all  others  for  severe  service.  They 
are  very  rugged  in  design,  and  light  pipe-frame  supports  are  used  for 
the  auxiliaries  and  insulating  linings  in  the  tanks.  Daily  charging 
is  the  usual  practice  and  the  so-called  "charging  resistance"  is  used 
quite  generally  where  the  surges  due  to  charging  might  cause  trouble. 
An  inorganic  electrolyte  and  the  annular  form  of  tray  have  demon- 
strated their  effectiveness. 
Discussed  by  Mahoney.  Van  Kuran,  Ward.  251 

Martin,  T.  C.  Report  of  Committee  on  Progress:  The  Report  contains 
a  general  review  of  the  events  of  the  year  in  regard  to  the  question  of 
conservation  and  cites  a  number  of  references,  public  utterances  of 
National  and  State  officials  on  the  subject,  as  well  as  various  decis- 
ions and  actions  bearing  on  the  points  at  issue.  Attention  is  also 
directed  to  a  number  of  engineering  matters  that  are  receiving  con- 
sideration in  the  field,  or  to  various  ways  in  which  attempts  have 
been  made  to  solve  some  of  the  problems.  Several  of  the  newer 
plants  and  systems  in  the  transmission  industry  are  then  described, 
not  only  hydro-electric  but  some  in  which  the  energy  of  steam-driven 
plants  is  distributed  in  areas  containing  a  large  number  of  coal  or 
other  mines.  Details  are  given  with  regard  to  some  of  the  later 
projects  in  this  country  and  Canada,  and  note  is  made  of  various 
foreign  enterprises.  Special  note  is  made  of  the  recommendation  of 
official  Swedish  engineers  to  use  the  direct-current  method  for  a 
200  mile  transmission  from  the  Trollhattan  Falls  to  Copenhagen, 
Denmark,  in  preference  to  the  familiar  3-phase  alternating-current 
method. 
Discussed  by  Lof,  Paine,  Rushmore,  Steinmetz,  Wright.  18 

Rush  MORE,  D.  B.  Report  of  Committee  on  Operation  of  Water  Power 
Systems:  The  rapid  increase  in  hydro-electric  developments  which 
has  taken  place  in  recent  years,  and  the  growing  importance  of  this 
power  service  is  setting  new  operating  standards  before  the  managers  of 
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these  systems.  It  is  now  fully  realized  that  the  success  of  these  de- 
velopments can  be  obtained  only  by  giving  a  most  reliable  and  unin- 
ternipted  service,  and  the  safeguarding  of  the  different  parts  com- 
prising the  system,  therefore,  becomes  of  the  greatest  importance.  The 
efiicienc>'  and  reliability  of  operating  forces  is  without  question  one 
of  the  greatest  assurances  for  a  satisfactory  operation,  and  it  is  also 
intimately  connected  with  the  means  which  are  provided  for  com- 
munication. The  general  layout  of  the  system  is  naturaUy  also  an 
important  factor.  This  refers  to  the  capacities  of  the  different  gen- 
erating stations,  to  the  water  conditions,  to  the  characteristics  of  the 
load,  etc.  Practically  no  hydro-electric  development  with  the  capacit)* 
of  installed  apparatus  above  the  rating  at  maximum  stream  flow  is 
nowadays  attempted  without  a  steam  station  on  the  system.  Such  a 
steam  station  may  be  used  as  an  auxiliar>'  station  at  periods  of  low 
water,  as  a  reserve  in  case  of  interruptions,  or  as  a  regulating  sta- 
tion to  take  care  of  the  variations  in  the  load  with  the  hydro-electric 
plant  running  at  constant  output.  Consideration  must  also  be  given 
to  the  causes  of  disturbances  and  means  for  minimizing  their  effects. 
These  are  abnormal  or  so-called  emergency  conditions,  and  in  treat- 
ing of  them,  the  failure  of  every  piece  of  apparatus  and  part  of  the 
system  must  be  consisdered  as  a  possibility  and  a  definite  plan  worked 
out  for  limiting  the  magnitude  and  area  of  such  disturbances. 

Discussed  by  Creighton,  Lof.  Paine.  Roper,  Rushmore.  167 

Ryersox,  \V.  X.  Address  of  Chairman  of  Section:  The  report  discusses 
the  granting  of  water-power  privileges  by  the  government.  .-K  surpris- 
ing lack  of  harmony  has  been  noticeable  between  different  Govern- 
ment departments  and  ofiidals,  all  of  which  has  produced  very  un- 
settled conditions.  It  was  to  be  expected  that  a  period  of  uncertainty 
must  be  passed  through  in  the  early  development  of  these  propects 
because  they  are  of  a  distinctly  new  t>'pe,  but  it  is  time  that  a  settled 
polic>'  be  adopted  in  connection  with  this  work.  In  many  sections 
there  is  a  feeling  that  the  States  should  exclusively  control  water- 
power  developments  within  their  borders.  If  this  came  to  be  the 
settled  policv-  there  would  be  considerable  hope  from  the  regulations 
imposed  by  State  Public  Service  Commissions,  which  as  a  general 
thing  have  been  quite  fair.  Mr.  Ryerson  refers  to  the  project  for 
building  a  State  hydroelectric  system  in  New  York,  and  the  part  which 
the  National  Electric  Light  Association  played  at  Albany  in  caHing 
attention  to  the  undesirable  features  connected  therewith,  particularly 
the  financial  aspects  of  the  scheme.  The  adjoining  hydroelectric  system 
in  Ontario  was  exposed  as  a  disastrous  financial  failure  and  the 
foolhardiness  of  repeating  this  was  pointed  out  with  the  result  that 
Governor  Sulzer  vetoed  the  bill..  The  chairman  also  calls  attention 
to  the  evils  of  over-capitalization,  which  although  chiefly  associated 
with  the  past  are  still  prevalent  in  some  places  to  a  certain  extent. 
Regulation  of  capitalization  by  Public  Service  Commission  has  been 
wholesome  on  the  whole.  Referring  to  the  Hydroelectric  Section,  he 
calls  attention  to  the  excellent  attendance  at  its  previous  meet- 
ings, but.  in  contrast  with  this,  to  the  fact  that  the  actual  mem- 
bership is  really  quite  small.  He  therefore  urges  stronc:er  support 
and  more  close  co-operation  in  developinij  tlie  membership  and  work 
of  the  Section.  2 

Thomas,  E.  H.  The  Failure  of  Conscrz^ation  to  Conserve:  The  Bureau 
of  Forestry  of  the  Department  of  .\griculture,  is  hostile  to  develop- 
ment, especially  in  -\laska  and  in  the  Far  West,  and  thus  instead  of 
using  without  wasting  has  wasted  without  using,  which  of  cour'^c 
i^  not  conservation   in   its   broadest  sense.     Mr.   Thomas   shows  the 
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difficulty'  experienced  by  private  companies  in  obtaining  water  grants 
in  the  National  Forest  Reserve  because  the  regulations  are  pre- 
judicial to  investors,  and  states  that  it  is  time  for  the  country  to  place 
the  administration  of  the  public  domain  on  a  business  basis.  This 
can  be  done  by  employing  practical  business  men  to  carry  on  the 
work  instead  of  theorists  and  politicians.  The  latter,  he  holds,  have 
brought  conservation  into  disrepute  and  made  it  odious  to  the  North- 
west, which  suffers  most  from  the  existence  of  an  undeveloped  and 
unprofitable  wilderness. 

Discussed  by  Rushmore.  8 

Vaughan,  J.  F.  Report  on  Turbines:  No  striking  developments  in  any  of 
the  various  forms  of  prime  movers  applicable  to  central-station  use 
appear.  However,  much  thought  has  been  given  to  improving  the 
efficiency  of  waterwheels  and  steam  turbines,  and  an  earnest  effort 
has  been  made  to  develop  an  internally  fired  heavy-oil  engine.  Con- 
siderable attention  has  been  devoted  to  boilers  and  boiler  rooms  with 
a  view  to  raising  their  efficiency.  Of  the  water-power  units  the 
vertical  turbines  seem  to  be  most  in  favor  at  present  owing  in  large 
measure  to  the  improvements  made  in  thrust  bearings.  The  Kings- 
bury thrust  bearing  and  the  combined  oil-pressure  and  roller  form  of 
bearing  have  been  reported  to  give  excellent  results  in  operation. 
Steam  turbines  for  driving  station  auxiliaries  are  reported  to  be 
bidding  fair  to  supersede  all  other  competitive  apparatus.  Curves 
submitted  in  the  report  show  the  relative  steam  economy  of  this  type 
of  auxiliary  as  compared  with  the  high-pressure  reciprocating  steam 
engine.  The  following  subjects  have  received  further  consideration: 
Runner  Wear  and  Material,  Testing  of  Water  Wheels,  Forms  of  Shop 
and  Relief  Valves.  Mention  is  made  of  two  valuable  recent  instal- 
lations. The  appendices  contain  detailed  information  of  the  principal 
points  investigated.  This  is  part  of  the  Report  of  the  Prime  Movers 
Committee  of  which  Mr.  I.  E.  Moultrop  is  chairman,  and  Mr.  Vaughan 
a  member. 
Discussed  by  Parker,  Rushmore.  loo 

TECHNICAL    SESSIONS 

Abbott,  W.  L.  Report  of  the  Committee  on  Underground  Construction. 
The  report  of  the  Committee  on  Underground  construction  deals  this 
year  exclusively  with  high-tension  transmission  cables,  and  discusses 
periodic  testing,  the  carrying  capacity,  graded  insulation,  sector  con- 
ductors, current-limiting  reactances,  protection  of  cables  in  manholes, 
parallel  routes,  trouble  reports,  practical  hints  as  to  operation,  and 
specifications  for  paper  and  rubber-insulation  cables  for  underground 
operating  pressures  in  excess  of  2000  volts.  Considerable  space  is 
given  to  carrying  capacity,  and  recommendation  is  made  of  a  very 
decided  increase  in  rating  during  the  winter;  also  that  the  current 
rating  be  varied  inversely  with  the  voltage,  on  account  of  the  heating 
in  the  insulation  due  to  the  leakage  of  current.  Interest  will  probably 
be  sharply  aroused  by  the  intimation  that  in  paper  cable  American 
manufacturers  are  in  some  respects  behind  European,  as  evidenced, 
for  example,  by  the  bending  test.  In  European  cables  the  bending  test 
is  applied  three  times.  American  manufacturers  consider  as  too  severe 
a  test  of  bending,  first  in  one  direction  and  then  in  the  other, 
twice  repeated,  to  a  radius  of  six  times  the  cable  diameter.  The 
specification  presented  in  the  report  increases  the  radius  of  bending 
to  7]4  times  the  cable  diameter.  The  Committee  hopes  that  the 
discussion  of  cable  carrying  capacity  at  the  Convention  will  clear  up 
some  important  but  obscure  points. 
Discussed  by  Abbott,  Cole,  Davis.  638 
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Blood,  VV.  H,  Jr.  Report  of  Committee  on  Grounding  Secondaries. 
After  six  years  of  constant  agitation,  the  Committee  has  finally 
secured  unanimous  opinion  as  to  the  desirability  of  grounding  sec- 
ondary circuits.  It  has  succeeded  in  having  the  National  Electric 
Code  revised  and  a  rule  bearing  uiM>n  this  subject  now  requires  the 
grounding  of  secondary  circuits  up  to  150  volts  and  leaves  tiie 
grounding  optional  above  that  voltage.  The  Committee  suggests 
that  all  member  companies  anticipate  the  enforcement  of  this  rme  so 
far  as  possible,  and  calls  attention  to  the  importance  of  making  per- 
manent and  efficient  grounds.  The  committee  recommends  as  the 
best  ground  a  solid  connection  to  underground  metallic  piping  systems, 
making  these  connections  at  each  service  entrance  or  at  o^er  places 
where  the  piping  can  be  reached  and  the  connections  periodically  in- 
spected. The  Committee  believes  that  it  has  fulfilled  its  mission  and 
asks  to  be  discharged. 

Discussed  by  Eglin,  Gear.  554 

Campbell,  R.  £.  and  Cooper,  M.  D.  The  Relation  of  the  Incandescent  Lamp 
to  Lighting  Service.  It  is  a  well-recognized  fact  that  the  proper 
voltage  selection  of  incandescent  lamps  and  accessory  current-con- 
suming devices  is  essential  to  complete,  economical  and  satisfactory 
electric  service.  A  careful  investigation  has  been  made  of  the  amount 
of  voltage  drop  between  central-station  service  and  customers'  sock- 
ets in  industrial,  conmierdal  and  residential  service.  The  results 
indicate  the  average  interior  voltage  drop  to  be  two  volts.  This 
general  condition  points  to  the  following:  (i)  The  central  stations 
are  losing  about  3  per  cent  of  their  rightful  lighting  revenue; 
(2)  The  lighting  customers  are  losing  about  7  per  cent  of  the  candle- 
power;  (3)  Aside  from  the  loss  in  candlepower,  customers  exper- 
ience a  variation  in  brightness  of  light  which  depends  upon  the 
maximum  drop  rather  than  the  average  drop;  (4)  The  quality 
of  service,  as  typified  by  the  satisfaction  resulting  from  the  use 
of  domestic  appliances,  is  somewhat  impaired.  No  general  recom- 
mendations are  made  as  to  methods  of  eliminating  the  losses  of 
candlepower  and  revenue,  but  great  benefits  would  accrue  from  tak- 
ing this  drop  into  consideration  in  the  co-ordination  of  the  rat- 
ings of  lamps,  appliances,  etc,  with* the  voltage  of  the  circuits  at  the 
points  where  they  are  to  be  used. 

Discussed  by  Cooper,  Hansen,  Millar.  400 

Darrah,  W.  A.  Late  Developments  in  the  Flame  Carbon  Arc  Lamp. 
This  paper  deals  with  some  considerations  in  the  design  of  flame 
carbon  arc  lamps  from  the  point  of  view  of  the  operating  and  central- 
station  man.  Attention  is  mainly  directed  to  features  of  mechanical 
and  electrical  designs.  The  mechanical  considerations  are  divided 
into  a  summary  of  points  in  the  stationary  parts  of  the  mechanism 
under  the  heading  of  "Statics,"  while  the  considerations  fundamental 
in  the  design  of  the  movinj?  parts  of  the  mechanism  are  considered 
under  the  heading  of  "Dj-namics."  A  brief  consideration  is 
given  to  the  design  of  lamp  parts  and  cases  to  secure  the  mini- 
mum amount  of  deterioration  at  a  minimum  cost  Some  attention 
is  also  given  to  indicating  how  friction  may  be  very  largely  elimi- 
nated in  the  regulation  of  a  flame  carbon  arc  lamp,  and  the  main- 
tenance and  attention  kept  at  a  minimum.  Under  the  heading  of 
"Electrical  Design"  some  of  the  requirements  for  good  operation  are 
noted  and  an  explanation  given  of  the  manner  in  which  these  re- 
quirements may  be  met.  The  paper  is  illustrated  by  views  and 
sketdies  of  various  lamp  mechanisms  and  a  number  of  curves  analyz- 
tng  arc  lamp  performance. 

Pfscussed  bv  Field.  Loizeaux.  713 
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Dillon,  E.  P.  Electric  Railway  Loads  on  Central  Stations,  Attention  is 
called  to  the  desirability  of  railway  loads,  both  city  and  interurban,  as 
power  customers  for  central  stations.  In  some  of  the  largest  cities  the 
problems  have  been  very  thoroughly  worked  out  and  excellent  results 
obtained  by  combining  the  requirements  of  the  two  classes  of  service 
on  one  generating  system.  There  still  remain,  however,  many  op- 
portunities for  improvement  in  this  direction,  and  die  problem,  if 
carefully  studied,  will  probably  disclose  possibilities  not  heretofore 
considered.  The  growing  tendency  to  combine  various  communities 
over  large  areas  under  one  generating  system  will  naturally  tend  to 
increase  the  number  of  cases  where  central  stations  carry  the  rail- 
way load.  Recent  improvements  in  transforming  apparatus — ^notably 
6o<ycle  rotary  converters — are  strong  factors  in  the  development  of 
this  business,  since  practically  all  lighting  companies  which  have  a 
purely  light  and  power  load  are  now  operating  on  the  6o-cycle 
basis.  Typical  load  curves  are  shown  indicating  an  improvement  in 
load-factor  as  the  result  of  combining  railway  load  with  light  and 
power  load,  and  also  demonstrating  Siat  the  central  station  is  not 
burdened  with  an  extraordinary  peak  as  a  result  of  the  railway 
load.  The  diversity  factor  between  railway  loads  and  central  sta- 
tion loads  when  combined  on  one  generating  system  is  an  import- 
ant consideration,  since  the  combined  loads  can  be  carried  on  a 
generating  station  of  much  smaller  total  capacity  than  if  they  were 
separate  and  carried  on  individual  stations.  Furthermore  the  neces- 
sary reserve  capacity  in  the  case  of  the  combined  station  is  also  less. 

698 

Elden,  L.  L.  Report  of  the  Committee  on  Electrical  Apparatus.  There 
has  been  a  continued  tendency  toward  individual  units  of  greater 
capacity  and  manufacturers  have  achieved  higher  rotative  speeds  in 
generating  apparatus.  Improved  insulating  material  capable  of  opera- 
tion at  higher  temperatures  and  of  withstanding  mechanical  strains 
has  contributed  to  the  attainment  of  higher  capacities.  The  use 
of  reactances  for  limitinjf  current  has  been  found  imperative  in  cer- 
tain situations  and  the  Report  pays  particular  attention  to  desirable 
limitations  in  the  installation  of  such  equipment.  Improvements  have 
been  made  in  60-cycle  rotary  converters.  The  perfecting  of  details 
in  electrical  apparatus  has  secured  greater  attention.  In  an  ap- 
pendix 19  subjects  are  treated  in  detail,  references  being  given  in 
some  cases  to  important  papers  on  the  subject.  Manufacturers  now 
indicate  their  ability  to  construct  high -voltage  generators  of  large 
capacities  without  employing  autotransformers ;  25,000-kilowatt  gen- 
erators are  now  standardized  by  American  manufacturers.  A  table 
of  important  installations  of  current-limiting  reactances  is  submitted, 
and  a  discussion  on  desirable  amounts  of  reactance  in  various  situ- 
ations is  included.  Two  methods  of  applying^  direct-coupled  exciters 
to  generating  units  are  given.  Standard  applications  of  synchronous 
condensers  for  line  regulation  and  power-factor  correction  are  re- 
cited. Authoritative  data  regarding  the  use,  care  and  life  of  various 
types  of  brushes  are  given.  A  new  type  of  oil  switch  is  described 
and  reference  made  to  improvements  in  existing  types.  A  modifica- 
tion of  the  induction  regulator  is  now  available  for  outdoor  service. 
A  new  form  of  reverse-current  relay  is  described.  Improved  life 
of  rectifier  tubes  is  noted. 

Discussed  by  Dillon,  Durfee.  El  den,  Fishel,  Kearns,  Lincoln.  Lof, 
McDowell,  Moultrop,  Schuchardt,  Torchio.  493 

Fellows,  W.  H.  Report  of  the  Committee  on  Meters.  This  report  is 
accompanied  by  the  third  edition  of  the  Code  for  Electricity  Meters, 
which   was  prepared   under  the   direction   of  a  previous  committee. 


XVI 

Information  has  also  been  gathered  for  use  in  a  future  revision  of 
the  Electrical  Meterman's  Handbook  and  a  number  of  errata  to  the 
Handbook  are  given.  The  Committee  has  approved  a  standard  form 
of  dial  face  for  watt-hour  meters.  This  has  also  been  approved  by 
the  Meter  Committee  of  the  Association  of  Edison  Illuminating  Com- 
panies and  the  co-operation  of  manufacturers  in  conforming  to  this 
standard  has  been  assured.  The  report  discusses  the  question  of 
metering  rapidly  fluctuating  loads  and  points  out  that  the  commuta- 
tor type  of  meter  is  accurate  under  this  condition  and  that  the  error 
in  the  induction  type  is  negligible  except  in  extreme  cases.  The 
connections  of  instrument  transformers  are  discussed  and  a  num- 
ber of  diagrams  given.  Maximum-demand  devices  receive  consider- 
able attention  and  various  types  of  instruments  for  this  purpose  are 
described  and  illustrated,  the  recent  development  in  the  industry  being 
pointed  out.  The  effect  of  running  induction  meters  designed  for 
one  frequency  upon  other  frequencies  has  been  investigated  and  test 
results  are  given  showing  the  large  errors  involved.  A  bibliography 
of  literature  dealing  with  metering  is  included. 
Discussed  by  Blood,  Parker,  Vaughen,  Wilder.  304 

HiBBARD,  Angus  S.  Telephonic  Communication  the  Means  of  Control 
of  Central  Stations.  The  advantages  of  an  efficient  organization 
directed  by  a  single  executive  are  pointed  out  and  also  the  distinctive 
position  of  utility  companies,  which  must  meet  load  demands  over 
which  tfiey  have  no  control.  Facilities  have  been  developed  for  direct- 
ing the  operation  of  electric  light  and  power  companies  from  a  cen- 
tral point  by  the  use  of  telephones  and  supplementary  appliances. 
As  an  instance  of  this,  the  equipment  of  the  New  York  Edison  Com- 
pany is  described  in  some  detail.  A  system  operator  directs  the 
operations  of  the  entire  system  from  the  producing  center  at  the 
waterside  plants.  He  is  in  telephonic  communication  through  both 
direct  lines  and  lines  of  the  telephone  company  with  each  substa- 
tion, and  also  has  direction  of  the  operating  men  in  the  power  house. 
A  pilot  board  shows  him  the  operating  conditions  of  the  entire  plant, 
including  the  output  of  boilers  and  generators  in  the  two  power 
houses.  A  signalmg  system  consisting  of  fire-alarm  apparatus  also 
reaches  the  substations,  and  communication  with  the  city  fire-alarm 
system  enables  the  system  operator  to  know  when  the  high-pressure 
water  stations  will  begin  use  of  current  for  pumping.  Reserve  boilers 
and  generators  are  always  ready  for  service  since  load  sometimes 
comes  on  the  plant  at  rates  up  to  12,000  kilowatts  per  minute.  The 
telephone  switch-boards  and  intercommunicating  system  are  des- 
cribed, as  well  as  the  general  telephone  service  of  the  company.  Details 
are  also  given  of  the  telephone  arrangements  of  the  Commonwealth 
Edison  Company,  Chicago,  where  a  load  dispatcher  is  in  direct 
communication  with  all  the  power  plants  and  distributing  centers. 
In  Boston,  Philadelphia  and  other  cities  similar  arrangements  are 
in  use. 
Discussed  by  Abbott,  Loizeaux.  624 

Kennelly,  Dr.  A.  E.  Report  of  Committee  on  Measurements  and  Values. 
Reference  is  made  to  recent  actions  of  various  engineering  societies 
and  committees  recommending  the  abandonment  of  the  "horse  power" 
as  a  unit  of  power  in  engineering,  and  the  substitution  of  the  "watt" 
or  some  of  its  recognized  decimal  multiples— the  "hectowatt,"  'Tcilo- 
watt"  and  "myriawatt."  Machines  transforming  power  from  one 
type  to  another,  such  as  hydro-electric  units  or  turbo-generator  units, 
arc  more  rationally  and  simply  estimated  as  to  efficiency,  by  rating 
both  their  input  and  output  in  the  same  unit.     Since  it  is  not  desired 
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by  any  engineers  to  use  either  "British  thermal  units,"  "boiler  horse 
power,"  or  "mechanical  horse  power,"  for  their  powers  at  both  the 
throttle  and  the  generator  terminals  of,  say,  turbo-generators,  it  is 
natural  and  desirable  to  express  both  input  and  output  in  watts. 
Reference  is  also  made  to  proposed  recognition  of  the  name  "kelvin" 
in  connection  with  a  C.  G.  S.  unit  in  the  electrostatic  system,  Lord 
Kelvin  having  greatly  developed  both  electrostatic  measurements  and 
the  C.  G.  S.  system. 

Discussed  by  Steinmetz.  418 

MacGahan,  Paul.  Switchboard  Instruments.  Both  alternating-current 
and  direct-current  switchboard  indicating  meters  for  central-station 
service  are  described  as  well  as  new  forms  of  alternating-current  pro- 
tective relays.  The  general  features  of  interest  common  to  all 
switchboard  indicating  instruments  are  accuracy,  compactness, 
reliability,  damping,  ruggedness,  accessibility,  and  simplicity. 
The  purchaser  should  be  guided  by  the  principles  of  design 
and  features  of  construction  used,  instead  of  by  price 
and  initial  accuracy  alone.  The  sources  of  error  or  unreliability 
may  be  classified  as  electrical,  mechanical  and  observational.  As 
the  electrical  sources  of  error  on  the  best  makes  of  instruments  are 
.  now  nearly  all  negligible  for  operating  purposes,  the  mechanical 
sources  of  error  are  of  greatest  importance,  the  principal  sources 
being:  (i)  excessive  weight  of  movement,  (2)  insufficient  rugged- 
ness of  movement,  and  (3)  insufficient  controlling  force.  A  table 
is  given  showing  the  weight  of  movements,  together  with  torques 
and  ratios  of  torque  to  weight,  for  the  principal  makes  of  instru- 
ments. Errors  due  to  observation  are  very  important  and  can  be 
reduced  to  a  minimum  by  making  scales  as  long  as  possible  without 
increasing  the  area  occupied  on  the  panel.  A  table  shows  the 
inches  per  volt  deflection  on  the  scale  at  the  normal  load  on  several 
different  kinds  of  instruments.  Previous  attempts  to  economize 
switchboard  space  by  reducing  the  meter  diameter  were  imsatisfac- 
tory  because  they  resulted  in  scales  of  insufficient  length,  and  other 
methods  of  economizing  space  by  recourse  to  curved  dials,  as  in 
edgewise  meters,  were  likewise  unsatisfactory.  The  induction  prin- 
ciple makes  possible  the  successful  seven-inch  meter,  as  the  scale 
is  two  or  three  times  as  long  as  in  the  nine-inch  meter.  As  the  large 
instruments  oflFer  no  advantages  over  these  seven-inch  types,  the 
latter  will  probably  be  used  to  a  greater  extent  in  the  future.  The 
effect  of  stray  fields  from  busbars  upon  the  permanency  of  the 
magnets  in  direct-current  D'Arsonval  type  of  meters  is  decreased, 
and  tests  show  that  magnetic  shielding  is  of  no  value  in  avoiding 
demagnetization  when  heavy  short-circuits  occur.  A  type  of  con- 
struction is  shown  in  which  the  magnets  are  located  so  as  to  be 
practically  unaffected  by  the  stray  fields.  Four  different  variations  of 
new  alternating-current  induction  type  relays  are  described,  giving 
protection  against  overloads  and  reverse  currents. 

Discussed  by  MacGahan,  Osborne,  Smith.  599 

Merriam,  K  B.  Switching  Apparatus  for  Rural  Installations.  The 
recent  advent  of  outdoor  switching  apparatus  has  opened  to  electri- 
city supply  corporations  a  wide  field  of  application.  The  new  con- 
sumers thus  made  possible  include  small  towns,  mines,  quarries, 
farms,  irrigation  and  many  other  developments  which  have  hereto- 
fore relied  for  power  on  isolated  plants  or  manual  labor.  The  equip- 
ments perfected  for  this  service  include  complete  lines  of  semi- 
portable  and  portable  sub-stations  for  supplying  power  from 
existing   high   voltage   transmission    lines.     They   are   made    up    of 
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aezpenssve  but  rdsabk  outdoor  fuses,  switches,  traiisfoniier%  switch 
aocEScs  axid  other  necessary  devices  whose  ccnstmctioa  and  applica- 
taoa  are  discussed  in  this  paper.  739 


Acn^Tmat,  L  EL  Report  of  Committee  on  Prime  Mouers.— Water  Power 
— Recent  tmprovements  in  thrtist  bearing  and  runner  daign  have 
etrnTnared  certain  objections  to  the  vertical  unit  The  foUowing 
ssbjects  have  received  further  consideration: — ^Runner  wear  and 
material  testing  of  water  wheels  and  forms  of  stop  and  rdief  valves. 
Mention  ii  made  of  two  notable  recent  installations.  The  appendix 
contains  detailed  information  on  the  principal  points  investigated. 
Steam  Power — Developments  in  the  steam  turbine  during  the  past 
year  have  been  treated  at  some  lengdi,  as  well  as  the  development 
of  steam  turbine-driven  auxiliaries.  The  subject  of  fnd  oil  is  treated 
quite  completely.  Various  kinds  of  apparatus  for  determining  the 
efficiency  of  the  steam  plant  are  discussed  in  considerable  detail  and 
special  attention  has  been  given  to  the  boiler  hotise  equipment  Gas 
Power — A  very  complete  resume  of  the  general  petroleum  situation 
is  given  in  the  report,  as  well  as  the  fluctuations  in  the  cost  of  thb 
fueL  The  development  of  heavy  oil  engines  is  treated  at  some  length 
and  specifications  are  given  for  suitaUe  oil  for  these  engines.  Tne 
developments  of  the  Humphrey  gas-power  pump  are  reported  upon 
and  mention  is  made  of  the  progress  in  development  of  the  gas  tur- 
bine. A  partial  digest  of  the  recent  engineering  publications  bear- 
ing on  the  subject  of  prime  movers  and  accessory  apparatus,  is  in- 
cluded at  the  end  of  the  report 

Discussed  by  Abbott,  Moultrop.  425 

Osgood,  Farley.  Report  of  the  Joint  Committee  on  Overhead  Line  Con- 
struction. The  report  consists  mainly  of  specifications  for  overhead 
crossings  of  electric  light  and  power  lines.  The  specifications  for- 
merly proposed  have  been  somewhat  altered  and  have  now  been 
agreed  upon  by  the  High-Tension  Transmission  Committee  of  the 
American  Institute  of  Electrical  Engineers,  the  Conunittee  on  Power 
Distribution  of  the  American  Electric  Railway  Association,  the  Com- 
mittee on  High-Tension  Wire  Crossings  of  the  Association  of  Rail- 
way Telegraph  Superintendents  ,and  the  Subcommittee  on  Electri- 
city of  the  American  Railway  Engineers  and  Maintenance  of  Way 
Association.  The  Committee  recommends  that  the  specification  be 
supplemented  by  others  covering  required  construction  for  constant- 
potential  lines  of  over  5000  volts  necessarily  constructed  parallel  to 
or  in  proximity  with  lines  of  telephone  or  telegraph  wires.  ^  Power- 
line  construction  in  such  cases  should  equal  in  mechanical  and 
electrical  strength  that  required  for  crossings.  It  is  proposed  to 
change  the  title  of  the  committee  to  National  Joint  Committee  on 
Overhead  Line  Construction. 

Discussed  by  Coleman,  Coombs,  Davis,  McQcllan,  McGee,  Paine, 
Roper,  Sawin,  Stevenson.  SS8 

Randall,  J.  E.,  and  Edwards,  E.  J.  Recent  Progress  in  the  Art  of  Lamp 
Making.  The  past  ^car  has  witnessed  progress  in  the  incandescent  lanq) 
industry  in  improvmK  the  standard  product,  and  developing  new  types 
of  lamps.  The  ratrd  specific  consumption  of  regular  lamps  has  been  re- 
duced about  0.15  watt  per  candle  o«i  the  larger  lamps  through  the  care- 
ful use  of  chcmicaU  wliirli  retard  the  blackening  of  the  bulb.  Sndi  im- 
provements \v.\\v  inadr  it  practicable  to  employ  smaller  bulbs  for  a  given 
wattage,  n()tal)ly  in  tin-  (;mr  (if  40  and  60- watt  lamps.  The  most 
striking  new  cievrli^prnrnt  \n  rxrniplificd  in  the  use  of  filament  woond 
into  a  helical  mil,  wfiirh  roil  may  l>c  mounted  on  supports  in  various 
ways.  The  coil  cotmtnirtion  nllowi  a  great  length  of  filament  to  be  pot 
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into  small  compass  without  appreciable  leakage  between  adjacent 
turns.  This  msLkes  it  possible  to  construct  lamps  to  focus  closely, 
as  is  required  for  small  stereopticons,  sidewalk  projectors,  street 
railway  and  electric  vehicle  headlights,  and  the  like.  The  coiled 
filament  may  be  mounted  on  small  supports  of  the  regular  spider 
type  and  placed  in  miniature  bulbs  of  the  various  candelabra  and 
decorative  types.  It  may  be  placed  in  a  tubular  bulb  to  make  a 
showcase  lamp,  which  consists  of  a  single  straight  section  of  coiled 
filament  carried  through  the  middle  of  the  bulb,  the  return  circuit 
being  made  through  the  heavy  wire  support. 
Discussed  by  Howell,  Macbeth,  Wilcox.  376 

Reed.  E.  G.  The  Latest  Developments  in  Distributing  Transformers.  The 
most  important  recent  improvements  in  distributing  transformers 
have  been  in  relation  to  the  materials  and  methods  of  winding  and 
insulating  the  coils.  This  has  resulted  in  higher  factors  of  safety 
between  the  actual  disruptive  strength  of  the  insulation  and  the 
commercial  tests  applied.  In  some  cases  the  commercial  disruptive 
tests  have  actually  been  increased  over  those  formerly  used,  due  to 
the  greater  insulation  strength  secured,  and  the  qualities  of  rugged- 
ness,  durability  and  safety  in  operation  have  been  correspondingly 
enhanced.  A  further  result  of  these  improvements  has  been  to  in- 
crease the  operating  efl&ciency  of  the  transformer.  The  first  part 
of  this  paper  discusses  these  insulating  materials  and  the  scientific 
method  used  in  their  application  as  related  particularly  to  the  stan- 
dard line  of  2200-volt  distributing  transformers.  The  second  part 
of  the  paper  relates  to  the  improvements  in  performance  which  these 
materials  and  processes  have  made  possible.  The  insulation  of  a 
transformer  consists  of  three  main  parts:  (i)  between  turns  and 
layers  of  the  winding,  (2)  between  the  high  and  low  tension  wind- 
ings, (3)  between  the  windings  and  metallic  parts  of  the  transformer. 
Since  the  insulation  of  a  transformer  is  no  stronger  than  its  weakest 
part,  its  various  elements  must  be  considered  in  their  relation  to 
each  other.  In  other  words,  the  factor  of  safety  between  the  com- 
mercial tests  applied  and  the  ultimate  strength  of  the  various  parts 
of  the  insulation  should  be  consistent.  The  improvements  in  wind- 
ing and  insulating  discussed  in  the  paper,  in  the  main  result 
from  the  guttered  winding  going  with  the  machine  type  of  coil,  the 
use  of  improved  machine-formed  insulating  barriers  and  the  arrange- 
ment of  the  oil  circulating  ducts.  This  has  given  lower  iron  and 
copper  losses  and  at  the  same  time  the  insulation  has  been  improved. 
The  improved  insulation,  aside  from  making  lower  iron  and  copper 
losses  possible,  has  permitted  an  increase  in  the  values  of  the  com- 
mercial tests  used.  This  in  turn  results  in  increased  reliability  and 
makes  for  long  life  and  low  depreciation  of  the  transformer. 
Discussed  by  Fishel.  609 

RuDD,  H.  H.  Transformers  for  Power  Transmission.  The  great  ten- 
dency at  the  present  time  toward  centralization  of  power  is  making 
many  interesting  problems  in  power  distribution.  The  voltage  chosen 
for  distribution  must  be  high  enough  for  economical  transmission  and 
not  so  high  that  the  cost  of  a  complete  substation  installation  makes 
it  impractical  to  install  those  of  small  and  moderate  capacity.  The 
development  of  the  outdoor  transformer  with  the  necessary  switch- 
ing and  protective  devices  has  made  it  possible  to  use  installations 
of  small  capacity  at  a  high  voltage  and  at  very  moderate  cost.  In 
the  paper  is  given  a  curve  of  costs  for  installations  of  <liflFerent 
capacities  for  various  voltages.  It  shows  that  where  the  transmission 
lines  feed  a  number  of  small  communities,  the  economical  voltage 
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is  22,000  or  33,000.  It  is  shown  that  the  saving  by  the  use  of  an 
extremely  small  size  transformer  is  so  slight  in  comparison  with 
the  total  cost  of  installation  as  to  be  negligible.  It  is  pointed  out 
that  there  is  a  wide  variance  in  characteristics  demanded  by  the 
different  power  stations,  more  particularly  as  regards  voltage  varia- 
tion and  taps.  Special  emphasis  is  laid  on  the  great  extensions  that 
are  being  made  in  the  use  of  all  transformers  and  the  need  of  stan- 
dardization as  regards  taps.  Such  standardization  will  result  in  much 
good  to  the  industry  at  large,  to  the  manufacturers  and  to  the  cus- 
tomer. 687 

Smith,  Frank  W.  Report  of  Lamp  Committee.  The  work  of  the  Com- 
mittee has  been  confined  largely  to  publishing  in  the  Association  Bul- 
letin articles  on  the  incandescent  lamp  situation.  The  Committee  has 
felt  that  this  method  of  furnishing  information  month  by  month  is 
of  value  to  the  member  companies.  A  list  of  articles  is  given  and 
they  are  reproduced  in  full  as  an  appendix.  Under  "Lamp  Sales" 
is  shown  the  total  output  of  incandescent  lamps  for  domestic  use. 
indicating  the  increase  in  percentage  each  year  since  1907.  The  total 
sales  for  1912  increased  6  per ^  cent  over  191 1,  the  gem  and  mazda 
types  representing  about  75  per  cent  of  the  total.  The  sale  of  the 
carbon  lamp  is  rapidly  decreasing,  being  less  than  50  per  cent  of 
the  preceding  year,  and  conditions  indicate  the  rapid  substitution 
of  the  metallized  and  mazda  lamps  for  the  carbon.  By  reference 
to  the  table  and  curve  forming  a  part  of  the  report  the  general 
trend  in  this  direction,  as  well  as  other  detail,  will  be  apparent 
Under  "Development"  the  report  undertakes  to  show  the  progress 
made  by  manufacturers  throughout  the  year.  This  has  been  very 
rapid,  improving  as  they  have  the  quality  of  the  tungsten-filament 
lamps.  These  improvements  are  set  forth  in  some  detail.  As  to 
prices,  the  tendency  is  continually  downward.  The  development 
throughout  the  country  in  the  electric  sign  business  has  been  very 
marked,  as  set  forth.  The  new  types  of  lamps  standardized  through- 
out are  listed  in  detail.  The  trade  name  "mazda"  has  now  been 
adopted  generally  by  American  manufacturers  for  the  tungsten- 
filament  lamp.  The  popularity  of  the  lamp  under  this  trade  mark 
is  being  rapidly  furthered  through  a  liberal  policy  in  its  introduction 
on  the  part  of  central  stations  and  wide  publicity  given  by  the  manu- 
facturers. Certain  suggestions  and  recommendations  are  included 
in  the  report. 
Discussed  by  Howell,  Macbeth,  Willcox.  358 

Stevenson,  T.  K.  Overhead  Distribution  Circuits  for  Series  Arc  Light- 
ing. Referring  to  the  several  kinds  of  wire  commercially  available 
for  overhead  distribution  circuits,  the  author  finds  that  copper-clad 
steel  wire  excels  for  certain  classes  of  service.  This  wire  is  made 
by  dipping  a  steel  billet  into  a  bath  of  supermolten  copper  which 
is  so  hot  that  it  heats  up  the  billet  to  a  point  where  it  actually 
absorbs  a  certain  amount  of  copper.  When  the  surface  of  the  steel 
begins  to  melt,  the  billet  is  withdrawn  and  this  surface  is  wet 
down  with  a  copper-iron  alloy.  The  alloy-coated  billet  is  then  placed 
in  a  mold  and  a  coating  of  copper  cast  around  it,  the  copper  welding 
to  the  copper-iron  alloy.  By  this  process  there  is  no  surface  contact 
between  the  pure  copper  and  pure  steel,  the  former  grading  into  the 
latter  through  a  series  of  copper-steel  alloys.  Three  varieties  of  this 
reinforced  wire  are  made,  having  conductivities  of  30,  40  and  47  per 
cent  that  of  pure  copper.  Wire  of  this  kind  finds  its  field  of  usefulness 
in  those  cases  where  fair  electrical  conductivity  has  to  be  combined 
with  great  mechanical  strength  and  resistance  to  corrosion.    Weather- 
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proof  aluminum  wire  is  more  expensive  than  weatherproof  copper 
wire  per  unit  of  conductivity,  has  low  tensile  strength  and  requires 
special  care  in  handling.  Weatherproof  iron  wire  is  open  to  the 
same  criticism  as  to  conductivity  and  is  if  anything  a  little  weaker 
than  hard-drawn  copper  wire.  From  the  point  of  conductivity  cop- 
per is  the  ideal  conductor  but  it  lacks  the  mechanical  strength  for 
some  classes  of  service.  Estimates  of  comparative  cost  of  copper 
and  of  copper-clad  steel  wire  installations  given  by  Mr.  Stevenson 
favor  the  latter  product 

Discussed  by  Mason,  Stevenson.  730 
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Note— In  the  Author  Index  will  be  found  author's^  names  and  synopses 
of  papers  and  reports,  the  latter  under  names  of  chairmen. 

A 

Agriculture.    See  Rural. 
Aluminum  conductors.    53,  730. 
Aluminum  lightning  arresters.    158,  273,  534,  536. 

Arc  lamps,  flame,  design  of,  from  point  of  view  of  operating  and  central- 
station  man.    713. 
Arc  lighting  circuits,  series.    730. 
Arresters.    See  Lightning  arresters. 

B 

Bearing,  Kingsbury  thrust.     104,  131. 
Boiler  houses,  air  supply  for,  in  cold  weather.    436. 
Boiler  regulation  by  means  of  balanced  draft.    437. 
Brush  treatment  of  poles.    151. 

Brushes,  application  and  operation  of  the  various  types.    518. 
Bureau  of  Forestry,  its  attitude  toward  development  of  national  resources. 
& 

C 

Cables,  high-tension  underground 

carrying  capacity.    643. 

lead  covered,   specifications.     666. 

paper-insulated,  specifications  for  standard  form.    663,  682. 

insulation,  graded.    650,  678. 

protection  in  manholes.     657. 

report  of  committee.    638. 

rubber- insulated,  specifications.    666,  683. 

sector  or  clover  leaf  form.    653. 

temperatures.    673. 

See  also  Wire. 
Canada,  hydro-electric  developments  in.    85. 
Capitalization,  evils  of  over.    3. 
Central-station  revenue  as  affected  by  interior  voltage  drop,  investigation. 

^. 
Central  stations.    Sec  Power  plants. 
Chicago  Drainage  Canal,   diversion  of  water   for,   from   Lake   Michigan 

refused.    32. 
Chicago,  Milwaukee  &   Puget  Sound   Railroad,   negotiations   with   Great 

Falls  Power  Co.    26. 
Chimneys 

design  of  oil  fuel  stacks.    478. 

deterioration  of  steel  sacks.    435. 
Circuit  breakers 

carbon  break.    266. 
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Circuit  breakers — Continued 
oil 
breaking  capacity.    251. 
general  design.    251. 

high-capacity  self-contained  multipolar  t3rpes.    256. 
moderate  capacity  and  voltage  types.    255. 
reactance  type.    263. 
surging,  prevention  of.    275. 
COj  apparatus  for  determining  flue  gas  composition,  accuracy  and  value 

of.    441. 
Coal  lands  of  Alaska,  attitude  of  Federal  Government  toward  development 

of.    10. 
Condensers 
design.    432. 

synchronous,  use  of.    515. 
Connecticut  River  dam  bill  in  Congress.    27. 
Connections  for  high-tension  transmission  systems.     181. 
Conservation 
failure  of,  to  conserve.    8. 
See  also  Water  power. 
Converters 
motor,  report.    512,  547. 
rotary,  report.    506,  512,  547. 
Creosoting  of  timber.  149. 
Crossings,  overhead 
loading,  279. 

requirements  of  California  Commission.    249. 
specifications.     560. 
typical.     587,  588. 
Current  meter  measurements.    124. 

D 

Dial  face  for  watt-hour  meters,  recommended  standard.    305. 
Distributing  lines,  report  of  committee  on.    239. 

E 

Electrical  apparatus,  report  of  committee.    493. 
Electrical  Meterman's  Handbook 

bibliography.    340. 

errata.    339. 

information  for  future  revision.    331. 
Engineering  aspects  of  progress.    44. 
Engines.    See  Gas;  Oil. 
Exciters 

direct-coupled,  on  generators.     503,  506,  546. 

requirements  for  water-power  systems.     173. 

F 

Federal  Government's  attitude  toward  development  of  natural  resources. 

8,  II,  19. 
Feed-water  heaters  and   feed-water  heating,  reports  from  member  com- 
panies.   434. 
Feed- water  meters,  report.    443. 
Feed-water  regulators,  report.    438. 

Feeder  regulators,  automatic,  report  on  improvements.     527,  531,  550. 
Flame  arc  lamps 

carbon  performance.    72;^^  728. 

case  of  lamp,  service  conditions  and  requirements.    716. 


Flame  arc  lamps — Continued 

developments  in.     713. 

efficiency  on  alternating  and  on  direct-current  circuits.    713,  727, 

essential  requirements.    714. 

friction  in  feeding  and  regulation.    718. 

mechanical  design,  conditions  of.    715. 

regulation  curves,  typical.    723,  724,  726. 

statics  of  mechanical  design.    716. 
Flow  meters,  steam 

General  Electric  Company  induction.    439,  441. 

use  of,  by  member  companies.    434. 
Flue  gas  composition,  accuracy  and  value  of  COa  apparatus  for  determin- 
ing.   441. 
Forced  draft,  reports  by  member  companies.    434. 

Forestry  Bureau,  attitude  of,  toward  development  of  natural  resources.    8. 
France,  hydro-electric  developments  in.    94. 
Fuel  oil.    See  Oil  fuel. 


Galvanizing  for  iron  and  steel,  specification  for.    581. 

Gas,  high-pressure  transmission  and  distribution.    461. 

Gas  engine,  illuminating.    461. 

Gas  power,  report  on  prfme  movers.    447. 

Gas-power  pump,  Humphrey.    458. 

Gas  turbine,  status  of.    460. 

Generators 

direct-coupled  exciters  on.    503. 

requirements  for  water-power  systems.    170. 
Ground  wires 

an  uiisolved  problem.     164. 

attachments  for.  286. 
Grounding  secondaries,  report  of  committee.     354. 

H 

Hetch-Hetchy  water  supply  and  power  generating  project.    81. 
Horse  power,  abandonment  of  term  recommended.    419. 
Hydro-electric  and  power  transmission  section 

address  of  Chairman  W.  N.  Ryerson.    2. 

appeal  for  more  active  supnort.    4. 

election  of  officers.    297. 

membership,  report  of  committee.    6. 

nominating  committee 
members.    141. 
report.    297. 
Hydro-electric  development.    See  Power  plants;  Water-power. 

I 

Illuminating-gas  engine.    461. 
Incandescent  lamps 

articles  published  in  the  Association  bulletin.    358,  366. 

blackening  of  bulbs,  improvements  that  prevent.    S77*  395- 

candelabra  lamps.    393. 

carbon,  sales  decreasing,  passing  of  the  lamp,  359,  s^. 

developments  in  America  and  Europe  compared.    398. 

developments  of  past  year.    363,  372,  376. 

efficiency  of  light  production  increased,  diagram  showing.     376. 

focus  type  lamp,  development  of.    386. 


Incandescent  l^mps— Continued 
fret  renewal  policy  of  reporting  companies.    362. 

E metallized,  saJes  increased.    559. 
il  ooil  filament,  most  important  new  development.    3/87. 
Ianq>  policy  of  member  companies,  analjrsis  of  replies  to  post  card  inqniry. 

361. 
mazda  lamp 

adopted  for  use  by  Federal  Government    361. 

name  adopted  by  manufacturers.    365. 

popularizing  the  lamp.    $6$. 

residence  lighting.    571. 

sales  increased.    559. 
new  types  of  tungsten  standardized.    364. 
progress  in  art  of  lamp  making.    376. 
rdation  of  the  incandescent  lamp  to  lighting  service.    400. 
report  of  committee.    358. 

sales  of  domestic  lamps,  1907-1912.    358^  359,  360. 
show-case  lamps.    393. 

sign  lighting,  increasing  importance  of.    368. 
size  of  bulb  for  low-wattage  lamps,  reduction  of.    384. 
standardization  of  size,  efforts  made.    383. 
strengthening  of  tungsten  filament,  progress  made.    381. 
superiority  of  tungsten  over  other  lamps.    366.     « 
tantalum,  sales  reduced.    359. 
tungsten  development  of  past  year.    363. 

vacutun  getters  or  chemical  for  the  improvement  of  lamps.    S77»  59S 
voltage  drop  in  industrial,  commercial  and  residential  service.    400. 
Insulating  materials 
application  to  transformers.    609. 
report  on  quality.    516. 
Instdators 
comparison  of  the  different  insulators,  tabic.    220. 
distribution  of  stress  in  the  series.    215. 
factors  governing  puncture.    208. 
factors  producing  reliability  in  the  suspension.    201. 
lightning  disturbances.    46. 

mechanical  stress,  effect  of,  on  electrical  value.    215,  221. 
punctures  on  suspension  type,  Portland,  Oregon.    295. 
safety  factor.    221. 

sparking,  effect  of  high  frequency  on,  different  from  low  frequency.    221. 
specifications  for  overhead  crossings.    565. 
time  lag  in  puncturing.    213. 

J 

Johnson  type  penstock  valve.     127. 

K 

Kingsbury  thrust  bearing.     104,  131. 


Lamp  committee,  report.    358. 

Lamps.    See  Flame  arc  lamps :  Incandescent  lamps. 

Lighting 

arc  lighting  circuits.    730. 

commercial  ser\*ice.  voltage  drop.    405. 

industrial  ser\nce,  voltage  drop.    405." 

mazda  lamp  in  residence  lighting.    371. 
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Lighting — Continued 

residential  service,  voltage  drop.    406. 

sign  lighting,  increasing  importance  of.    368. 

voltage  drop  between  service  switch  and  customers'  sockets  in  industrial, 
commercial  and  residential  service,  investigation.    400. 

See  also  Flame  arc  lamps;  Incandescent  lamps. 
Lightning  arresters 

aluminum.    158,  273. 

aluminum,  report.    534,  536. 

electrolytic.    273. 

electrolytic,  report    532,  549. 

multi-gap.     157. 

requirements  for  high-voltage  transmission  systems.     184,  197,  200,  273. 
Lightning  disturbances  in  transmission  lines,  problem  of.    45. 
Loading  of  transmission  lines.    279. 

M 

Mazda  lamp.    See  Incandescent  lamps. 
Measurements,  report  of  committee.    418. 

Membership  of  hydro-electric  and  transmission  section,  report  of  com- 
mittee.   6. 
Meterman's  handbook 

bibliography.    340. 

errata.    ^9. 

information  for  future  revision.    331. 
Meters,  electric 

accuracy  of,  on  rapidly  fluctuating  loads.    309. 

connections   for  instruments   and  electricity  meters   used  with  current 
and  voltage  transformers,  proposed  standard  system.    310. 

continuous-current  watt-hour  meters,  comparative  study  of.    319. 

co-operation  of  committee  with  public  service  commissions.    342. 

dial  face  for  watt-hour  meters,  recommended  standard.    305. 

Duncan.    329. 

eiror,  sources  of.    599. 

Fort  Wayne.     329. 

General  Electric  mercury  watt-hour  meter  for  railway  cars.    325. 

induction  watt-hour  meters  on  frequencies  other  than  those  for  which 
they  were  designed,  effect  of  using.    307. 

maximum-demand  devices,  report.    319. 

printometers,  319. 

public  service  commission  rulings.    342. 

report  of  committee.    304. 

Sangamo.    329. 

switchboard   instruments,    features  of    interest.     599. 

Westinghouse  types.    321,  324,  327,  328. 
Meters,  feed  water,  report.    443. 

Mines,  application  of  electricity  in,  progress  report.    55. 
Motor  converters 

comparison  with  rotaries  and  motor  generators.    513,  547. 

report.    512,  547- 
Myriawatt,  use  of  term.    419,  446. 

N 

New  South  Wales,  hydro-electric  developments  in.     86. 

New  York  State  hydro-electric  development,  Niagara  Falls  case.     16,  29, 

37»  94. 
New  Zealand,. hydro-electric  developments  in.    87. 
Noisy  operation  of  electrical  machinery.    540,  542,  545,  547. 
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Norway,  hydro-elcctri:  developments  in.    92. 
Nova  Scotia»  hydro-electric  developments  in.    85. 

o 

Oil 

composition  and  calorific  value  of  various  oils.    466. 

lubricating  oil,  specifications.    481. 

petroleum,  general  situation,  January,  1913.    449. 

petroleum,  production  and  prices,  statistics.    448. 

relative  value  of  coal  and  oil  fuel.    469. 
Oil  burners 

capacity  of.    474. 

description  of  various.    469. 

steam  consumption  of.    473. 
Oil  engines 

bibliography.    486. 

Diesel,  applications  of.    453. 

Diesel,  oil  suitable  for.    482,  484. 

manufacturers  of.    454. 

opinions  from  important  sources.    455,  456. 

report  on  prime  movers.  448. 
Oil  fuel 

advantages  of,  over  coal.    466. 

air  supply,  476. 

burning  oit,  requirements  for.    468. 

burning  oil  in^  connection  with  other  fuel.    447 

combustion  of.    444,  464. 

efficiencies  and  capacities.    476. 

progress  report.    58. 

specifications.    479,  482,  484. 

tar  oil  for  Diesel  engine.    484. 

use  of,   in  manufacturing  and   in   United    Slates   Navy   and   merchant 
marine.    451,  452. 
Oil  furnace  design.    474. 
Ontario    Hydro-Electric    Power    Commission,   an    expensive    experiment 

35- 
Over-capitalization,  evils  of.    3. 

Overhead  construction 

national  joint  committee  proposed.    558,  595. 

report  of  joint  committee.    558. 

sags, of  conductors,  tables  and  curves.    574. 

sherardizing  material.    594,  597. 

specifications  for  crossings.     560. 

typical  crossings.     587,  588. 

wind  and  ice  loads.    571. 

wire  material,  tables.    571. 

working  unit  stresses.    569. 

See  also  Poles ;  Towers ;  Wire. 

P 

Penstock  valve,  Johnson  type.    127. 

Petroleum.    See  Oil. 

Pitot  tube  measurements.    125. 

Pole  line  decisions.    40. 

Poles 

carrying  two  circuits  on  same  line  of  poles.  245. 

cedar  most  extensively  used.     146. 

consumption  of  modern  poles.    143,  144. 
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Poles — Continued 
crossing  span  supports,  specifications.    560. 
decay  of  timber.     146. 
design  and  use  of.    288. 
formulae    584. 
foundations  for.    285. 
height  of,  in  Oregon,    250. 
preservation 

brush  treatment.    151. 

charring.    148. 

closed  cylinder  pressure  treatment.    150. 

concrete  or  loose  stone  setting.    148. 

creosoting.    149. 

open-tank  treatment.    152. 

painting.    149. 

tar  or  asphalt  coating.    149. 
preservative,  the  ideal.    148. 
types  of.    288. 
woods  used  for.    145. 
Power-limiting  reactances  in  water-power  systems.    175. 
Power  measurements,  report  of  committee.    418. 
Power  plants  . 
Canada,  hydro-electric  development.    85. 
Davis  &  Weber  Counties  Canal  Company.    66. 
developments  and  installations.     58. 
emergency  conditions  in  water-power  systems.     193. 
foreign  developments.    85. 

Knight  Consolidated  Power  Company,  Mill  Creek,  Utah.    63. 
Mississippi  River  Power  Company,  Keokuk,  la.     49,  83,  226. 
New  South  Wales,  hydro-electric  developments.    86. 
New  Zealand,  hydro-electric  developments.    87. 
Norway,  hydro-electric  developments.    92. 
Nova  Scotia,  hydro-electric  developments.    85. 
operation  of  water-power  systems,  report.    167,  191. 
outputs,  peak  loads  and  load-factors  in  5  large  cities.    59. 
Rio  de  Janeiro.    48. 

Snoqualmie  Falls,  Wash.,  the  cave  idea.    49. 
South  Africa.    88. 

South  Aluminum  Company,  Whitney,  N.  C. 
Sweden,  at  Mockfjord,  the  cave  idea.     50. 
turbo-generator  for  Chicago,  largest  unit  in  the  world.    49. 
Washington  Water  Power  Company.    76. 
Power  distribution 
carrying  two  circuits  on  same  line  of  poles.    245. 
crossing  construction,  requirements  of  California  Commission.    249. 
iron  wire,  use  of,  where  load  is  small.    248. 
Pacific  Coast  conditions.    239. 
report  of  committee.    239. 
revenue,  relation  of  gross,  to  cost  of  investments  in  new  line  extensions. 

249. 

voltages  to  be  adopted  in  new  territory,  determining.    240. 

See  also  Poles;  Towers,  Wire;  etc. 
Power  transmission 
Central  Colorado  Power  Company.     52. 
Central  Georgia  Transmission  Company.     68. 
clearances  for  lines.    278. 
Connecticut  River  Transmission  Company.    78. 
direct-current  method,  Trollhattan  Falls  to  Copenhagen.    91,  96. 


dmnoTf  of  mmmnsiou^  record,  Santa  Maria,  CaL   66^ 

Eastem  Teancssce  Povcr  Coaifaaf.    72. 

Fraace.  94. 

Great  FaUs»  Montun.    74. 

Great  Viesum  Famtx  Company,  San  Frandsooi    73l 

croond  wirca.    266. 

Hetcb-Hetdij  projtcL    81. 

higfiftr  Toitage  in  oprrafkw     45. 

iccil  decisions.   401 

figtifmng  discnrfaances,  firobiem  oL    45. 

kAdmg  oi  bats.   2^ 

kxatioa  of  tiansmissioQ  lines.    278^ 

Ntapara,  Lcckport  ft  Ontario  Power  Cooqanj.    81. 

Faahc  Gas  &  Electric  Company,  San  Frandsco.    62. 

Pacific  Licbt  k.  Power  CorpontkxL    7a 

Pacific  Power  ft  Lisiit  Company.    68. 

prrofrcsa  made.    45. 

Kotectxre  derioea.    157. 
mssia.    93. 

report  of  committee  on  progress.    44,  51. 

report  on  operation  of  water-power  systems.    187. 

Sam  Joaqoin  L^fat  ft  Power  Company.    66. 

sleet  on  wires,  effect  oL    294. 

Sootiiem  Sierras  Power  Coinpany.    71. 

structural  features  of  transmission  lines.    277. 

Sweden,  Trollhattan  Falls  to  Copenhagen.    91,  96. 

Switzerland.    89 

Thousand  Springs  Power  Company.    73. 

transformers  and  the  economies  of  the  future.    687. 

See  alio   Cables;   Overhead   construction;   Underground  construction; 
Wire;  etc 
Prime  movers 

hibliogn^hy.     486, 

report  of  committee  on.  100,  42s 
Progress,  report  of  committee.  18. 
Protective  apparatus 

'tevelopments  in.     157,  251. 

high-voltage  transmission  systems.    184. 

operation,  application  and  latest  developments.     157. 
Prtissia,  hydro-electric  developments  in.    93. 

Public  service  commissions  in  co-operation  with  meter  committee.    342. 
Pump,  Humphrey  gas-power.    458. 
Pumping  station,  automatic,  Knight  Consolidated  Power  Company.    63. 

R 

Railway  loads  for  central  stations,  desirability  of.    698. 

Rates,  unusual  terms,  Milwaukee  Electric  Railway  &  Light  Company.    83. 

Rating  of  electrical  apparatus.    494,  543. 

Reactances,  current-limiting,  report  on  use  of.    496,  502,  543,  549. 

Receiving  apparatus,  report  of  committee  on.    23!^, 

Reclamation  projects,  power  possibilities.     62. 

Rectifiers,  report    530,  555. 

Regulators  and  synchronous  condensers  in  water-power  systems.     179 

Relays 

alternating-current  protective.     605. 

report  on  improvements.     529. 
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Report  of  committee  on 

distributing  lines.    259. 

electrical  apparatus.    493. 

gas  power.   447. 

grounding  secondaries.    354. 

lamps.    358. 

measurements.    418. 

membership  of  hydro-electric  and  transmission  section.    6. 

meters.    304. 

operation  of  water-power  systems.     167. 

overhead  line  construction.    558. 

prime  movers.     100,  425. 

prog[ress.    18. 

receiving  apparatus.    238. 

steam  power.    425. 

underground  construction.    638. 
Revenue,  relation  of  gross,  to  cost  of  investments  in  new  line  extensions. 

249* 
Rheostats,  improvements  in  construction.    517. 

Rotary  converters,  report  of  committee.    506,  512,  547. 

Rotative  apparatus,  speed  of,  report    503. 

Rural  switching  equipments.    739. 

applications.    739. 

lightning  protection.    748. 

pole-top  regulators.    755. 

portable  equipments.    758. 

primary  fuses.    747. 

primary  switches.    745. 

secondary  equipment    750. 

sizes  for  various  line  pressures.    744. 

supporting  structures.    745. 

transformers.    749. 
Ryerson,  W.  N.,  address  by.    2. 


Series  arc  lighting  circuits.    730. 

Sign  lighting,  importance  of,  and  the  development  of  the  tungsten  lamp. 

368. 
Sleet  on  transmission  lines,  effect  of.    294. 
South  Africa,  hydro-electric  developments  in.    88. 
Specifications  for  overhead  crossings.    560. 
Stacks 

deterioration  of  steeL    435. 

oil  fuel,  design.    478. 
Steam-flow  meters 

General  Electric  Company  induction.    439,  441. 

use  of,  by  member  companies.    434. 
Steam  power,  report  of  committee.    425. 
Steam  turbines 

blade  troubles.    435. 

developments  during  past  year.    425. 

Ferranti  high  superheat    428. 

General  Electric  Company,  developments.    425. 

low-pressure  turbines.    431. 

report  of  committee.    425. 

steam  consumption  per  kw-hr.,  429. 

Westingjiouse  Machine  Company,  developments.    426. 
Stoker,  Riley  self-dumping.     445. 
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Sabstadons 

noisy  machinery.     540,  542.  545.  547. 

outdoor,  advantages  and  disadvantages.    521,  525. 

outdoor,  savine  in.     190. 
Sweden,  hydro-dcctric  developments  in.    91,  96. 
Switchboard  mstruments 

accuracy.    599. 

alternating-current    601. 

comparison  of  voltmeter  pointer  deflections.    601. 

direct-current    602. 

relays,  alternating-current  protective.    605. 
Switches 

equipment  for  high-tension  transmission  system.     181. 

report  on  improvements  in  switches  and  switch  gear.    526. 
Switching  apparatus  for  rural  installations.    739. 
Switzerland,  hydro-electric  developments  in.    S^ 
Synchronous  condensers,  use  of,  report    515. 


Taps  on  transformers,  need  of  standardization.     694,  696. 

Telephonic  communication  the  means  of  control  of  central  stations.    624. 

Testing  apparatus,  report  on  high-potentiaL    537,  552.    * 

Thrust  bearing,  Kingsbury 

construction  and  principle  of  operation.     131. 

description.     104. 

S.S.  Neptime's  bearing.    105. 
Timber  preservation,  various  methods.    148. 
Tower* 

design  and  use  ot.    288. 

modem.  Central  Colorado  Power  Company.    52. 
Transformers 

characteristics  demanded  by  different  power  stations,  variance  of.    693. 

connections.    514,  556. 

connections   for   instruments  and  electricity  meters,  proposed  standard 
system.    310. 

cost,  effect  of  size  on.    687. 

cost  of  ii«staltation.  relation  to  transmission  voltage.    688. 

developments,  latest.    609. 

equipment  for  centralized  sources  of  power.    687. 

insulating  materials  and  their  application.    609. 

outdoor  installations,  advantages  and  disadvantages.     631,  525-545. 

reducdoii  of  losses,  table  showing.    622. 

requirements  for  water-power  systems.     175. 

smallest  commercial  sizes.    688. 

taps,  need  of  standardization  of.     694,  696. 

three-phase  versus  single-phase.    692. 

22,000- volt.     6B9,  690,  691. 
Transmission  lines.    See  Power  transmission. 
Tungsten  lamps.     See  Incandescent  lamps. 
Turbines,  gas,  developments.    460. 
Turbines,  hydraulic 

care  and  operation.     125. 

efficienc>-  tests  after  installation.     121. 

features  of  most  interest  in  pow^er  plant  design.     169. 

Holyoke  tests.     121. 

performance  of  large.    47,  48. 

report  of  committee.     100. 

nmners,  experience  with  various  materials.     107,  iii,  114,  115,  120. 
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Turbines,  steam.    Sei  Steam  turbines. 
Turbo-srenerators,  progress  in  design.    496. 

u 

Underground  construction. 

cables,  carrying  capacity,  insulation,  form,  protecting  specifications.   643, 
650,  653,  657,  663,  666,  682,  683. 

feeders,  grouping  of.    655. 

parallel  routes.    658. 

reactance  coils,  current-limiting.    655. 

report  of  committee.    63!^. 

reporting  of  trouble  on  lines.    659. 

testing  of  lines,  periodic.    639. 

See  <nso  Cables. 
Units  of  power,  report  of  committee.    418. 

V 

Valve,  Johnson  type  penstock.    127. 
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2 — Paper:    "Stin^ey   of   Conditions   of  Protection."     E.    E.  F. 
Creighton 

3 — Report  of  Committee  on  Operation  of  Water  Power  Systems. 
D.  B.  Rush  MORE 

4 — Paper:    "Factors   Producing   Reliability   in   the   Suspension 
Insulator."    A.  O.  Austin 

5— Lecture :    "The  System  of  the  Mississippi  River  Power  Co 
Hugh  L.  Cooper 


THIRD    HYDRO-ELECTRIC    AND   TRANSMISSION    SESSION 

JUNE   6,    10   A.    M. 

I — Report  of  Committee  on  Receiving  Apparatus.    M.  R.  Bump 

2— Report  of  Committee  on  Distributing  Lines.    P.  M.  Downing 

3 — Paper:     "Developments   in    Protective    Apparatus"     J.    N. 
Mahoney 

4 — Paper:    "Transmission  Line  Construction/'    R.  D.  Coombs 


FIRST  HYDRO-ELECTRIC  AND  TRANSMISSION 

SESSION 


Wednesday  Morning^  June  3 


The  meeting  was  called  to  order  at  ten  o'clock  by  Chairman 
W.  W.  Freeman. 

The  Chairman:  It  seems  necessary  to  begin  these  meet- 
ings with  a  comparatively  few  members.  I  am  very  sorry  that 
there  are  not  more  present  to  hear  the  Address  of  the  Chairman 
of  the  Section^  but  he  prefers  that  we  proceed  rather  than  delay 
the  meeting  further.  I  have  pleasure  in  presenting  Mr.  W.  N. 
Ryerson,  of  Duluth. 
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ADDRESS  OF  THE  CHAIRMAN  OF  SECTION 

In  opening  the  third  meeting  of  the  Hydro-Electric  and 
Power  Transmission  Section  of  the  National  Electric  Light  Asso- 
ciation,  your  Chairman  desires  first  of  all  to  express  his  sincere 
appreciation  of  the  loyal  and  unselfish  work  which  has  been  doat 
throughout  the  year  by  the  chairman  and  members  of  the  various 
committees  appointed  and  whose  work  will  be  presented  to  you 
in  the  reports  and  papers  to  come  before  the  sessions  of  the  Sec- 
tion. Particularly  are  thanks  due  to  the  Western  members  whose 
interest  was  so  greatly  aroused  by  our  last  convention  on  the 
Pacific  Coast. 

The  last  year  has  witnessed  a  departure  from  the  ''do-noth- 
ing" policy  of  the  national  government  in  that  under  the  former 
Secretary  of  the  Interior,  Mr.  Fisher,  permits  have  been  granted 
for  the  use  of  government  lands  by  power  companies  and  rules 
published  which  define,  to  some  extent,  the  general  policy  of  that 
department  towards  such  enterprises.  It  is  unfortunate,  to  say 
the  least,  that,  due  largely  to  our  system  of  government,  it  seems 
to  be  impossible  to  predict  whether  such  rules  as  are  now  in  force 
will  long  remain  unchanged  in  important  particulars.  Especially  is 
it  to  be  regretted  that  thus  far  no  precedents  have  been  estab- 
lished as  to  the  attitude  to  be  taken  toward  the  development  of 
water  powers  on  navigable  streams,  and  that  there  is  serious  dis- 
agreement among  the  members  of  Congress  on  this  questicm, 
which  would  seem  to  make  it  impossible  for  many  undeveloped 
powers  to  be  put  to  beneficent  use  under  any  terms,  whether  fair 
or  unfair.  Lack  of  harmony  between  the  advocates  of  centralized 
governmental  control  and  States'  rights  is  largely  responsible 
for  this  condition  of  affairs,  coupled  with  which  is  fear  on  the 
part  of  many  legislators  of  going  contrary  to  the  ideas  of  the 
Pinchot  school  of  conservationists.  Instances  have  been  known 
where  corporations  were  ready  and  willing  to  pay  a  liberal  sum 
for  the  privilege  of  development,  but  were  prevented  from  obtain- 
ing their  permits  by  advocates  of  the  policy  of  allowing  eadi 
State  to  determine  such  matters  for  itself — a  shining  example 
of  the  present  unsettled  state  of  affairs.  Fortunately,  the  edu- 
cational work  80  successfully  carried  on  by  public  service  cor- 
porations and  by  right-thinking  citizens  has  done  and  is  doing 


much  to  change  public  opinion  regarding  such  matters.  There 
have  been  entirely  too  much  secrecy  and  "gum  shoe"  methods 
used  by  corporations  in  the  past,  and  the  public  has  become  con- 
vinced that  exorbitant  profits  are  being  realized  by  every  hydro- 
electric project,  whereas  those  of  us  who  have  been  intimately 
connected  with  the  business  know  that  in  all  but  a  few  minor 
instances  the  exact  contrary  is  true.  The  State  Public  Service 
Commissions  have  been  instrumental  in  drawing  aside  the  veil  of 
secrecy  in  many  cases  and  have  brought  the  true  facts  to  light, 
so  it  is  to  be  hoped  that  with  a  continuation  of  educational  *  and 
publicity  work  by  all  we  may  be  able  to  obtain  a  fair  degree  of 
justice. 

The  political  powers  that  be  in  New  York  State  have  re- 
cently been  threatening  to  emulate  the  Province  of  Ontario  by 
developing  and  distributing  electric  power  in  certain  favored  lo- 
calities at  absurdly  low  rates.  The  Association's  Public  Policy 
Committee  has  been  very  active  in  combating  this  scheme  and  it 
has  aroused  more  or  less  general  opposition  from  the  public,  none 
of  which,  however,  has  been  unified  or  well  directed.  Recent 
publications  have  laid  bare  many  of  the  sore  spots  in  the  methods 
of  Ontario's  Hydro-Electric  Power  Commission,  but  none  of  the 
derogatory  facts  can  hope  to  obtain  the  wide  publicity  that  the 
announcement  of  low  rates  for  power  by  a  governmental  body 
can,  unfortunate  as  this  may  be. 

In  connection  with  public  sentiment  and  the  vital  relation 
it  bears  to  our  industry,  your  chairman  cannot  resist  calling 
attention  once  more  to  the  evil  results,  past,  present  and  future, 
of  over-capitalization.  As  electricity  has  become  more  and  more 
of  a  necessity,  we  can  not  afford  to  ignore  this  point,  and  many 
corporations  (including  others  than  those  dealing  in  electrical 
energy)  have  felt  the  force  of  public  opinion  and  have  found  it 
difficult  or  impossible  to  sustain  their  side  of  the  argument  when 
the  amount  of  their  outstanding  securities  is  shown  to  be  out  of 
all  proportion  to  the  fair  replacement  value  of  the  properties,  even 
with  the  most  liberal  depreciation  allowances.  Over-capitaliza- 
tion is  not  only  a  matter  affecting  the  older  companies  organized 
before  the  present  awakening  of  public  sentiment  and  the  estab- 
h'shment  of  Public  Service  Commission  or  in  States  where  such 
Commissions  do  not  exist,  but  is  unfortunately  seen  even  to-day 
in  the  consolidation  of  separate  properties  under  holding  com- 


panics,  a  method  which  is  becoming  very  popular.  Prospective 
economies  in  management  and  the  incidental  risks  of  the  under- 
taking must  be  given  full  weight,  but  even  then  it  will  be  found 
in  far  too  many  cases  that  the  amount  of  securities  issued  or 
authorized  is  excessive.  In  many  instances  "stock  watering/'  as 
it  affects  the  rates  charged  for  our  product  will  be  found  to 
equalize  itself  on  account  of  competition  with  other  sources  of 
power,  and  most  of  the  progressive  State  Ccxnmissions  recog- 
nize this  fact  by  distinguishing  sharply  between  value  and  cost  of 
service  in  determining  fair  rates  to  be  charged.  There  is  danger 
in  any  attempt  to  ignore  or  minimize  the  effects  of  over-capitaliza- 
tion because  of  the  certainty  of  ultimate  commission  control  in 
those  States  now  without  it  and  a  lack  of  uniformity  as  to  the 
**fair  rate  of  return"  which  the  various  controlling  bodies  will 
allow. 

The  occasional  failure  of  an  expensive  dam  emphasizes  the 
importance  of  the  most  careful  and  painstaking  engineering  work 
both  before  and  during  their  construction.  Many  companies  and 
individuals  having  more  or  less  experience  in  designing  and  build- 
ing small  dams  argue  that  larger  ones  can  be  constructed  by 
the  same  methods  they  have  always  used.  In  the  majority  of 
hydro-electric  plants  the  dam  is  the  all-important  feature  as  re- 
gards continuous  operation ;  but  when  the  failure  of  the  dam 
may  mean  possible  loss  of  life  and  property  there  is  only  one 
proper  course  to  pursue — obtain  the  most  expert  advice  avail- 
able and  do  not  tie  yourselves  up  necessarily  to  one  man  or  firm, 
but  obtain  corroborative  reports  from  several  sources.  The  ex- 
pense, in  the  long  run,  will  be  insignificant  as  compared  with 
even  a  partial  failure. 

Your  chairman  desires  to  make  a  strong  appeal  at  this  time 
for  more  earnest  and  active  support  of  the  Hydro-Electric  and 
Power  Transmission  Section  bv  the  Qass  B  and  E  members  of 
the  parent  body.  By  support  I  mean  the  contribution  of  cold 
cash  in  the  shape  of  Section  dues  as  distinguished  from  the  large 
and  enthusiastic  attendance  at  the  sessions  of  the  Section  during 
the  conventions.  Since  the  time  when  the  Section  was  formed 
three  years  ago.  and  increasingly  so,  it  has  been  generally 
agreed  that  it  will  fill  a  place  hitherto  unoccupied  by  any  other 
body.  Much  of  the  work  of  vast  usefulness  to  be  accomplished 
by  the  officers  and  committees  requires  financial  aid — more  than 


can  be  given  by  the  parent  body — and  the  Section  dues  are  the 
only  means  available  at  present  for  obtaining  the  necessary  funds. 
The  attendance  at  the  last  two  conventions  warrants  the  con- 
clusion that  a  large  number  of  Class  B  and  E  members  are  inter- 
ested in  the  Section's  activities,  but  the  results  of  the  Membership 
Committee's  work  would  indicate  that  comparatively  few  of  those 
who  show  so  much  interest  once  a  year  are  willing  to  contribute 
even  the  nominal  dues.  It  is  my  strong  recommendation  that 
some  change  be  made  that  will  necessitate  the  payment  of  Section 
dues  to  obtain  either  admission  to  the  meetings  of  the  Section 
or  the  distribution  of  the  various  papers  and  reports  presented. 

The  Chairman  :  The  chair  will  be  glad  now  to  entertain  a 
motion  to  refer  the  address  to  a  committee  for  consideration  and 
report  at  a  later  session. 

Mr.  David  B.  Rushmore,  Schenectady:  Mr.  Chairman,  I 
so  move. 

(The  motion  was  duly  seconded  and  carried.) 

The  Chairman  :  This  program,  as  most  of  you  know,  has 
been  planned  by  the  chairman  and  other  officers  of  the  National 
Section  in  co-operation  with  the  officers  of  the  Association.  I  am 
sure  it  is  appropriate  and  it  is  a  pleasure  to  me  now  to  turn  the 
meeting  over  to  Mr.  Ryerson. 

The  Chairman:  The  next  number  on  the  program  is  the 
Report  of  the  Committee  on  Membership,  Mr.  R.  J.  McClelland, 
of  New  York,  chairman. 

Mr.  R.  J.  McClelland,  New  York  City :  The  very  brief  re- 
port of  the  Committee  on  Membership  will  appear  in  the  proper 
place,  and  the  only  thing  I  want  to  say  is  that  each  and  every  one 
of  you  will  be  handed  this  morning  an  application  blank,  and  I 
hope  that  you  will  all  make  a  special  effort  to  give  us  that  support 
which  your  Chairman  has  referred  to  in  his  address. 

Another  thing  I  want  to  comment  upon  is  that  the  Member- 
ship Committee  has  divided  the  country  up  into  districts,  and  a 
vice-chairman  has  been  appointed  for  each  district,  such  as  the 
Pacific  Coast,  the  Northwest,  the  Central  West,  and  the  Eastern 
part  of  the  country ;  and  probably  each  one  of  you  will  receive 
some  literature,  to  which  you  need  not  reply  if  you  are  already  a 
member. 


REPORT  OF  THE  COMMITTEE  ON 

MEMBERSHIP 

The  increase  in  membership  of  the  Section  has  been  so  small 
during  the  past  year  that  the  committee  will  confine  the  report  to 
the  work  that  has  been  done  during  the  past  few  months. 

It  was  late  in  December  when  this  work  was  undertaken  and 
during  the  next  two  months  we  were  able  to  persuade  Mr.  £.  M. 
Gilbert  of  the  Central  Colorado  Power  Co.,  Denver ;  Mr.  G.  H. 
Boggs,  of  the  Pacific  Gas  &  Electric  Co.,  San  Francisco,  and 
Mr.  D.  F.  McGee  of  the  Pacific  Power  &  Light  Co.,  Portland,  to 
act  as  \'ice-Chairmen,  covering  their  territories.  We  could  not 
find  in  existence  a  suitable  list  of  hydro-electric  transmission  com- 
panies, so  we  confined  our  efforts  to  the  preparation  of  such  a  list 
before  starting  an  active  campaign  for  membership.  With  the 
assistance  of  the  Secretary's  office,  we  succeeded  in  obtaining  the 
names  of  about  450  hydro-electric  power  companies,  each  having 
a  capacity  of  1000  hp.  or  more.  Out  of  this  list,  less  than  200 
were  members  of  the  Association,  and  less  than  50  were  repre- 
sented in  the  Hydro-Electric  and  Power  Transmission  Section. 
This  list  has  been  divided  among  the  members  of  the  Committee, 
and  we  have  sent  out  a  personal  letter  to  the  active  manager  of 
each  company  soliciting  membership  in  both  the  Association  and 
the  Hydro-Electric  Section.  With  these  letters  we  have  sent 
printed  matter,  which  explains  fully  the  work  the  Association  has 
done  in  the  past,  and  what  we  wish  to  accomplish  in  the  future. 
Our  secretary-  has  also  sent  to  each  non-member  company  volume 
III  of  the  report  of  the  last  annual  Convention  which  contains  the 
papers  and  discussions  of  the  technical  sessions.  This  will  serve 
better  than  anything  else  to  g^ve  the  companies  an  idea  of  the 
work  covered  by  the  Hydro-Electric  Section. 

Of  course  this  is  only  the  beginning,  and  to  make  the  work 
effective,  the  Committee  feels  that  this  should  be  followed  up  by 
again  writing  to  those  who  do  not  respond. 

Respectfully  submitted, 

R.  J.  McClelland,  Chairman 
G.  H.  BoGGS 
E.  M.  Gilbert 
D.  F.  McGee 


Mr.  Rushmore:  May  I  ask  just  as  a  matter  of  information 
how  far  that  part  of  the  organization  of  the  Section  has  gone,  and 
how  many  accredited  members  we  now  have? 

Mr.  McClelland:  About  65  members. 

The  Chairman  :  Any  further  remarks  ?  If  there  are  none, 
we  will  pass  on  to  the  next  number,  a  paper  entitled  "The  Failure 
of  Conservation  to  Conserve,"  by  Mr.  E.  H.  Thomas,  managing 
editor  of  the  Seattle  Post  Intelligencer,  Mr.  Thomas  not  being 
here,  the  paper  will  be  read  by  Mr.  L.  H.  Conklin,  Secretary  of  the 
Section. 


THE  FAILURE  OF  CONSERVATION  TO 

CONSERVE 

Few  policies  designed  for  the  public  good  have  been  abused 
like  that  of  conservation  of  our  natural  resources. 

Wise  exponents  of  this  policy  repeat  with  tiresome  monotony 
that  smug  definition  of  conservation:  "the  wise  use  without 
waste  of  our  natural  resources."  This  definition  makes  an  appeal 
to  the  ordinary  prudent,  thrifty  person.  The  ordinary  person, 
however,  has  had  neither  the  time  nor  the  opportunity  to  investi- 
gate our  conservation  policies  and  to  learn  whether  or  not  they 
are  fulfilling  the  promise  implied ;  whether  or  not  as  a  result  of 
conservation  practises  we  are  getting  a  "wise  use"  or  any  "use" 
of  our  natural  resources. 

A  bureau  in  Washington,  D.  C,  called  the  Bureau  of  Forestry 
of  the  Department  of  Agriculture,  in  so  far  as  conservation 
affects  us  in  any  large  or  vital  way,  has  had  supervision  and 
practical  administrative  charge  of  the  forests,  water  power  and 
minerals  in  and  on  the  public  domain.  This  is  literally  true 
despite  the  fact  that  water-power  and  public  lands  are  under  the 
jurisdiction  of  the  Department  of  the  Interior.  This  function 
of  the  forest  service,  supervision  of  resources  on  the  public 
domain  other  than  growing  and  protecting  forests,  has  been 
usurped  by  the  extension  of  the  forests  to  cover  these  resources 
— water-power,  coal  beds,  etc. — regardless  of  forest  conditions. 
None  have  disputed  its  rights.  The  Bureau  of  Forestry  has 
been  upheld  by  executive  order.  It  was  the  pet  branch  of 
government  under  the  administration  of  Col.  Roosevelt,  and 
during  those  seven  years  it  grew  arrogant  and  tyrannical. 

If  mineral  or  wdter-power  rights  are  desired,  the  forest 
service  has  been  the  agency  which  obstructed  the  way.  This 
bureau  has  always  been  ready  to  assume  that  no  locator  or  claim- 
ant within  the  boundaries  of  any  of  the  national  forests,  where 
most  of  our  undeveloped  minerals  and  water-powers  exist,  came 
there  with  honest  intent,  and  as  a  consequence  every  step  of  the 
proceedings  under  which  water-power,  mineral  or  agricultural 
rights  on  national  forests  can  be  granted  is  persistently  contested 
by  the  forest  service. 


There  could  be  but  one  result  of  such  policies,  the  result  that 
now  obtains — ^stagnation. 

The  national  forests  of  this  country  cover  an  area  of  more 
than  190,000,000  acres,  an  empire  larger  than  Germany.  Within 
these  forests  are  millions  of  acres  of  non-forested  lands,  some 
'  30,000,000  acres  of  this  class,  according  to  the  Forest  Service 
reports.  As  the  service  regards  4000  feet  of  timber  per  acre  as 
timber  lands,  and  as  timber  of  that  class  in  the  western  forests 
is  worthless,  the  actual  area  of  non-forested  lands  is  really  about 
45,000,000  acres.  There  should  be  room  for  some  development 
here,  but  what  are  the  conditions? 

Hostility  to  development  has  marked' our  conservation  poli- 
cies. This  hostility  has  gone  so  far  as  to  denounce  all  who 
favored  development  as  the  foes  of  conservation.  No  resource 
can  be  touched  without  a  long  and  expensive  contest  in  which 
the  claimant  or  locator  is  either  worn  out  or  impoverished  by  the 
delays. 

Development  in  progress  within  the  areas  of  our  national 
forests  is  to-day  less  than  it  was  when  the  present  forest  service 
was  created  in  1897.  Instead  of  progress  in  a  part  of  this  country 
greater  than  the  empire  of  Germany,  there  has  actually  been 
retrogression. 

Instead  of  use  without  waste  we  have  followed  a  policy  of 
waste  without  use.    Let  me  illustrate. 

The  report  of  Chief  Forester  Henry  L.  Graves,  contained  in 
the  last  annual  report  of  the  Secretary  of  Agriculture,  estimates 
the  new  growth  on  the  national  forests  at  six  billion  board-feet 
per  year.  This  is  the  crop,  growing  and  decaying  like  wheat. 
To  refuse  to  harvest  it  is  to  lose  it.  Yet  this  is  just  what  the 
forest  service  has  done.  At  six  billion  per  year  the  crop  for  the 
seven-year  period  preceding  19 12  was  forty-two  billion  feet. 
What  was  the  harvest?  The  reports  show  that  the  service  in 
that  same  time,  1905  to  1912,  cut  1,901,532,000,  or  less  than  5  per 
cent  of  the  crop. 

Is  this  use  without  waste  or  is  it  waste  without  use? 

Conservationists  have  had  much  to  say  about  coal  and  water- 
power,  but  when  we  invade  that  field  and  beg^n  to  investigate 
we  find  the  same  proportions  of  waste  and  use.  The  chief  coal 
beds  of  the  Pacific  Coast  are  in  Washington,  British  Columbia 
and  Alaska.    The  coal  of  lowest  quality  is  in  the  State  of  Wash- 
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ington  and  of  highest  is  in  Alaska.  California  has  been  pro- 
ducing enormous  quantities  of  fuel  oil  which'  has  practically 
displaced  coal  for  all  steaming  purposes  over  the  entire  Coast 
country.  This  condition  has  forced  up  the  price  of  domestic  coal, 
because  of  the  small  proportion  of  lump  and  the  large  proportion  . 
of  the  fine  coal  heretofore  marketed  as  steam  coal,  but  for  which 
little  or  no  market  exists  at  present. 

In  1906  the  existing  coal  land  laws  were  suspended  through 
the  influence  with  the  Executive  of  the  Forestry  Bureau.  The 
pretext  for  this  act  was  the  unfounded  charge  that  some  mythical 
interests  were  about  to  .steal  Alaska,  and  that  abrogation  of  laws, 
which  to  this  day  have  not  been  repealed,  was  the  only  method 
by  which  the  alleged  larceny  could  be  stopped.  Out  of  this  has 
grown  the  Alaska  issue  with  all  its  storm  and  stress,  and  present 
stringent  coal  conditions  over  the  entire  Coast. 

Now  what  are  the  real  facts  and  what  have  been  the  results 
of  bureau  abrogation  of  laws  enacted  by  Congress? 

The  known  area  of  Alaska's  coal  lands  is  21,000,000  acres. 
Prospectors  discovered  these  coal  areas  and  gave  them  to  the 
world.  In  all  this  vast  empire  iioo  prospectors  staked  and  filed 
claims  on  the  modest  total  of  only  32,000  acres  for  which  they 
paid  to  the  government  $320,000.  The  government  appreciated 
the  work  of  these  men  and  the  hardships  they  endured  so  highly 
that  it  has  refused  them  the  land,  kept  the  money  they  have  paid 
in,  and  is  now  engaged  in  trying  to  send  many  of  the  claimants 
to  the  penitentiary. 

Up  to  1907  Alaska  was  gaining  population.  Since  that  time 
it  has  been  losing.  The  reason  for  this  is  the  refusal  of  the 
Federal  authorities  to  permit  development.  In  1907  the  Alaska 
Syndicate  perfected  negotiations  by  which  it  could  enter  the  coal 
fields  and  mine  and  market  the  coal.  This  syndicate  owned  some 
copper  mines,  it  was  building  a  railroad  and  operated  a  line  of 
steamships.  It  has  $20,000,000  invested  and  would  have  put  a 
total  of  $5o,ooo,cxx)  into  the  development  of  that  region  if  it  had 
not  been  for  the  assault  made  upon  it. 

A  contract  to  mine  coal  was  made  directly  with  a  group  of 
locators  who  had  staked  5  per  cent  of  the  Bering  River  field,  and 
the  basis  of  this  agreement  was  a  coal-selling  contract  by  which 
the  Alaska  Syndicate  was  to  deliver  a  large  tonnage  monthly  to 
the  Grand  Trunk  Pacific  Railroad,  a  Canadian  corporation. 
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This  sales  contract,  the  coal  needed  for  coke  with  which  to 
establish  a  smelting  industry  in  Alaska,  the  steam  coal  used  for 
its  ships  and  local  Alaska  consumption,  would  have  furnished 
the  tonnage  needed  to  make  it  possible  for  the  syndicate  to  build 
a  branch  railroad  into  the  coal  fields. 

All  the  elements  of  a  great  industrial  development  were  at 
hand.  The  coal  was  the  key.  By  refusing  to  grant  titles  under 
any  existing  laws  all  plans  were  upset,  however,  and  Alaska  to- 
day is  a  land  of  buried  hopes  when  it  could  have  been  and  should, 
be  a  great  and  prosperous  community.  Its  coal  for  household  fuel 
and  for  every  industry  is  imported,  and  this  with  21,000,000  acres 
of  coal  fields  untouched  and  undeveloped  awaiting  some  sort  of 
government  action,  no  one  knows  what. 

Not  less  stupid  has  been  the  conservation  of  our  water- 
powers.  It  can  also  be  said  that  nowhere  in  the  realm  of  con- 
servation could  a  wise  use  of  a  natural  resource  have  been  pro- 
ductive of  so  much  good* 

Water-power  can  be  wasted  only  by  a  failure  to  utilize  it. 
Power  from  steam  is  generated  at  the  expense  of  the  world's 
fuel  supply.  Every  pound  of  coal  consumed  is  gone  forever.  It 
can  never  be  replaced.  Water-power  can  be  used  over  and  over 
again,  as  often  as  the  required  head  can  be  furnished  along  the 
course  of  a  stream ;  and  then  over  and  over  again  along  this  entire 
course  as  long  as  the  processes  of  evaporation  and  precipitation 
keep  the  forces  moving.  This  means  that  just  as  long  as  streams 
flow  on  this  globe  water-powers  will  be  inexhaustible. 

Water-power  will  be  here  in  the  natural  course  of  events  long 
after  coal  beds  have  ceased  to  exist.  To  use  this  water-power 
now  is  to  prolong  the  life  of  our  coal  resources.  The  more  water- 
power  we  harness  the  more  coal  we  have  left  in  the  ground  for 
the  needs  of  the  future.  To  use  this  water-power  is  to  make  use 
of  a  present  wasted,  although  inexhaustible  energy,  and  to  use 
it  is  to  save  the  nation's  coal.  This  use  would  be  conservation. 
Its  non-use  is  profligacy  pure  and  simple. 

Are  we  conserving  either  coal  or  water-power  by  our  present 
national  policy  with  respect  to  this  use,  or  should  I  say  non-use? 
In  an  article  printed  in  Pearson's  Magazine,  last  January,  I 
touched  upon  the  lack  of  development  of  water-power  on  the 
public  domain.  In  reply  to  this  in  the  May  issue  of  the  same 
magazine  Mr.  Gifford  Pinchot  denied  the  charge,  but  analysis 
of  his  denial  shows  it  to  be  only  an  evasion. 
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Just  before  the  Hon.  Walter  L.  Fisher,  Secretary  of  the 
Interior  and  a  conservationist,  went  out  of  office,  he  said,  in 
speaking  of  water-power  and  its  development  on  the  public 
domain :  ^The  regulations  now  demanded  arc!  so  prejudicial  to 
power  investments  that  they  (the  investors)  are  not  going  on 
the  public  domain.  These  disadvantages  are  conceded  but  no 
remedial  legislation  is  in  sight." 

A  short  time  ago  Mr.  Daniel  W.  Adams,  an  assistant  forester, 
a  practical  lumberman  and  a  former  engineer  with  long  years  of 
service  in  railroad  construction,  filed  charges  of  waste  and  meffi- 
ciency  against  the  forest  service.  He  did  this  only  after  a  vain 
effort  to  secure  needed  reforms  within  the  service.  In  his  bill 
of  particulars  Mr.  Adams  discusses  water-power  as  follows: 
"The  water-powers  of  the  national  forests  are  at  present  the  most 
important  resource  of  the  country,  and  as  time  goes  on  will,  in 
my  judgment,  predominate  over  all  others.  The  present  develop- 
ment of  this  important  resource  is  handicapped  by  regulations 
which  by  their  nature  forbid  its  utilization." 

Here  are  two  conservationists  who  have  had  occasion  to 
study  conditions  and  who  know  whereof  they  speak,  who  were 
in  different  departments  of  the  government,  and  who  agreie  per- 
fectly on  the  reason  for  the  non-utilization  of  this  resource. 

Mr.  Pinchot's  position  is  entirely  different.  He  has  found 
monopoly  in  the  domain  of  power  development  and  he  would 
rather  have  power  waste  its  energy  forever  than  that  monopoly 
should  rear  its  hated  hydra-head  anywhere.  In  replying  to 
me  Mr.  Pinchot  ignores  the  simple  fact  that  I  was  discussing 
development  within  and  on  the  national  forests  which  cover  more 
than  one  fourth  of  the  total  area  of  the  Stite  of  Washington. 
He  charges  that  in  this  State  "two  corporations  have  already 
secured  70  per  cent  (nearly  three  quarters)  of  all  the  water- 
power  yet  developed."    He  remarks  that  "comment  is  unneces- 


sary." 


Let  us  see  if  comment  is  unnecessary. 

It  is  variously  estimated  that  the  States  of  Washington  and 
Oregon  have  a  possible  hydro-electrical  development  all  the  way 
from  8,000,000  to  25,000,000  horse  power.  The  amount  developed 
thus  far  is  about  4  per  cent  of  the  total  available,  using  the  lesser 
figure.  If  the  two  corporations  "control"  70  per  cent  of  4  per 
cent  of  the  total  "yet  developed,"  these  concerns  "control"  between 
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them  2.8  per  cent  out  of  a  possible  loo  per  cent.  Comment  may 
be  unnecessary,  but  my  comment  is  that  this  is  surely  a  fat 
"monopoly." 

However,  Mr.  Pinchot  can  be  mistaken  in  his  figures  as  well 
as  in  his  deductions.    In  this  instance  he  is  mistaken  in  both. 

Mr.  Pinchot  says:  "This  same  powerful  group"  (The 
General. Electric  Co.)  "controls  55  per  cent  of  the  water-power 
in  the  State  of  Washington  in  which  two  corporations  have 
secured  70  per  cent  of  all  the  water-power  yet  developed." 

Let  us  now  examine  his  figures. 

All  power  sites  held  in  this  State  by  power  concerns  under 
private  ownership  have  been  developed.  The  total  hydro-elec- 
trical energy  now  available  in  the  States  of  Oregon  and  Wash- 
ington is  311,000  developed  horse  power.  No  two  companies 
control  70  per  cent  of  this,  however,  but  three  companies  wholly 
unrelated  and  at  widely  separated  points,  the  Portland,  Seattle 
and  Spokane  regions,  non-competitive  because  of  their  remoteness 
from  each  other,  have  developed  less  than  60  per  cent  of  the  total, 
to  be  exact  181,173  out  of  311,000  horse  power.  The  Seattle 
municipal  plant  has  27,000  horse  power  and  that  of  Tacoma 
14,000,  a  total  of  41,000.  The  Inland  Empire  railroad  has  a 
developed  project  of  20,000  and  the  Pacific  Power  &  Light  Co. 
13,^7  horse  power.  Although  the  national  forests  of  Wash- 
ington State  are  rich  in  water-power,  two  small  projects  only 
developing  an  aggregate  of  12,000  horse  power  are  on  the  public 
domain.  One  of  these  has  abandoned  further  development  and 
has  purchased  private  rights  because  of  the  opposition  of  the 
reclamation  service  to  any  extension  of  power  development  by 
the  impounding  of  the  waters  of  Wenatchee  Lake. 

If  only  311,000  horse  power  have  been  developed  out  of  a 
possible  8,000,000,  how  does  Mr.  Pinchot  arrive  at  the  conclusion, 
which  he  states  as  a  fact,  that  the  General  Electric  "controls  55 
per  cent  of  the  water  power  of  Washington  State?"  If  there  are 
at  least  8,000,000  horse  power,  and  only  311,000,  or  less  than 
4  per  cent  are  developed,  how  does  he  arrive  at  the  conclusion 
that  a  monopoly  exists? 

Analyzing  Mr.  Pinchot's  contention  we  have  found  that  the 
smallest  estimate  made  of  available  power,  developed  and  unde- 
veloped, is  8,000,000  horse  power.  The  developed  energy  is 
311,000  horse  power,  or  less  than  4  per  cent  of  the  total.    This 


is  in  the  hands  of  six  companies  and  two  municipalities,  a  condi- 
tion rather  different  from  that  pictured  by  Mr.  Pinchot  when  he 
said  **55  per  cent  of  the  water-power  in  Washington  is  controlled" 
by  the  General  Electric  Co.,  and,  "two  corporations  have  suc- 
ceeded in  securing  70  per  cent  of  all  the  water-power  yet  de- 
veloped." 

If,  however,  some  one  really  has  a  monopoly  of  water-power 
on  Puget  Sound  how  has  it  worked  ?    This  is  the  test  after  all 
Before  any  hydro-electrical  project  has  been  developed  in 
this  region  electric  current  sold  here  for  as  high  as  20  cents  a 
kilowatt-hour.      Consumers    pay    a    6-cent    maximum    to-day. 
Seattle's  local  power,  light  and  traction  corporation  is  manufac- 
turing more  current  than  can  be  consumed  under  present  demands. 
Last  year  this  company  delivered  and  used  in  Seattle  alone  365,- 
500,000  horse  power  hours  of  electrical  energy.     It  takes  3.64 
pounds  of  Washington  coal  to  generate  one  horse   power  of 
energy.    It  is  therefore  evident  that  this  company's  development 
— none  of  it  on  the  public  domain — is  saving  650,000  tons  of  coal 
per  annum,  and  the  total  development  of  the  two  States  nearly 
3,000,000  tons,  which,  with  the  freight  added,  is  worth  more  tlian 
$8,000,000. 

There  is  a  chance  here  for  some  conservation,  but  the  real 
conservationists,  after  all,  are  the  men  Mr.  Pinchot  denounces  as 
monopolists  and  power  grabbers.  They  are  saving  the  coal  for 
future  generations,  and  reducing  the  price  of  electricity  to  present 
consumers;  but  these  so-called  monopolists  have  been  forced  to 
make  huge  investments  to  acc^uire  private  jx^wer  sites  while  those 
on  the  public  domain  remain  unused  and  unoccupied. 

The  reason,  and  the  only  reason,  for  this  is  that  stated  by 
foniier  Secretary  Fislicr  in  putting  this  situation  up  to  Congress, 
that  "the  regulations  now  demanded  are  so  prejudicial  to  power 
investors  that  they  (the  investors)  are  not  going  on  the  public 
domain.'* 

When  it  is  considered  that  the  national  forests  are  greater 
in  aggregate  area  than  all  Clerniany,  and  that  their  administration 
has  produced  wasted  crops,  idle  resources  and  a  constantly  grow- 
ing deficit  which  has  mounted  to  nearly  $20,000,000  since  1905, 
the  conclusion  that  conservation  has  not  conserved  is  inevitable. 

C  'onservation  is  desirable.  No  one  wants  to  see  our  resources 
wasted  by  profligate  use ;  nor  should  we  go  to  the  other  extreme. 
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as  we  have  done,  of  wasting  them  through  non-use.  One  is  as 
bad  as  the  other.  It  is  time  for  this  country  to  place  the  adminis- 
tration of  the  pubh'c  domain  on  a  business  basis,  which  can  be 
done  by  employing  practical  business  men  to  carry  this  work  on 
instead  of  the  theorists  and  politicians  who  have  brought  con- 
servation into  disrepute,  and  made  it  odious  to  that  section  of 
the  country  which  suffers  most  from  the  stagnation  of  idle  and 
unprofitable  wildernesses. 

DISCUSSION 

Mr.  Rushmore:  Mr.  Chairman,  it  might  seem  rather  un- 
wise for  an  organization,  such  as  our  own,  to  allow  a  paper  of 
this  kind  to  go  without  any  discussion  into  our  Proceedings,  where 
it  becomes  a  matter  of  public  record.  It  is  fair  to  say  that  others 
would  assume  it  to  be  in  entire  agreement  with  the  sentiment  of 
the  organization,  and  of  the  individuals  making  up  the  organiza- 
tion. 

What  I  shall  have  to  say  is  not  so  much  in  discussion  of  the 
very  interesting  facts  brought  out  here,  as  somewhat  in  explana- 
tion of  the  whole  situation  such  as  it  appears  to  me,  speaking 
entirely  as  an  individual. 

In  all  otfr  developments  of  the  last  15  or  20  years  we  have 
met  a  large  number  of  problems  not  heretofore  encountered,  and 
it  has  been  very  difficult  for  the  government,  for  the  corporations, 
and  for  the  individuals,  to  l>e  able  to  see  at  once  the  best  solution 
for  some  of  these.  There  has  therefore  been  noted  in  a  great 
many  fields  a  period  of  inactivity  while  public  discussion  was 
taking  place  and  the  people  were  working  around  to  a  just  and 
sensible  solution  of  these  different  problems.  This  is  especially 
true  of  the  water  power  development,  a  matter  which  by  the 
people  as  a  whole  has  not  been  clearly  understood ;  and  a  very 
large  part  of  the  action  of  government  officials  has  been  that  of 
people  who  were  not  clearly  conversant  with  the  facts  of  the 
problem  at  first  hand. 

There  has,  I  think,  been  no  suggestion  or  no  feeling  on  the 
part  of  any  one  that  this  attitude  of  the  government  officials  was 
not  taken  with  entirely  honest  motives.  That  a  period  of  educa- 
tion has  been  required  was  perhaps  unavoidable.  Just  how  the 
best  results  can  be  obtained  in  this  field  and  how  in  other  fields, 
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is  something  demanding  the  very  serious  consideration  of 
organization  as  individuals  and  as  a  whole. 

I  happen  to  have  seen  at  rather  dose  hand  the  activity  ii' 
Albany  with  regard  to  the  development  in  New  York  State  cf 
which  our  chairman  spoke,  and  in  which  I  was  very  much  im- 
pressed with  the  difference  between  the  public  policy  idea  of  itsdi 
and  the  idea  of  it  held  by  the  reading  public  as  expressed  in  flx 
editorials  of  the  newspapers.  It  means  that  the  people  as  a  whole, 
or  the  National  Electric  Light  Association,  is  very  much  out  of 
touch  with  the  individuals  in  the  State,  and  that  the  subject  is  very 
little  appreciated. 

The  condition  in  the  Province  of  Ontario  has  been  brought 
out  in  a  number  of  different  ways,  and  a  very  powerful  presenta- 
tion has  been  made  of  the  facts  in  connection  with  a  point  of  view 
not  entirely  favorable  to  the  scheme.  The  activity  at  Albany  and 
throughout  New  York  State  on  the  part  of  the  Public  Policy 
Committee  of  this  organization  was  very  much  misunderstood, 
and  aroused  a  strong  antagonistic  feeling.  I  speak  of  this  very 
plainly,  because  it  is  a  fact,  and  the  organization  might  just  as 
well  understand  it.  There  appears  before  the  individuals  in  this 
organization,  before  the  Hydro-Electric  Section  and  before  the 
organization  as  a  whole,  a  very  great  necessity  in  the  immediate 
future  of  getting  more  closely  in  touch  with  public  opinion  and 
of  educating  it. 

When  we  speak  of  the  Government,  it  ought  to  mean  that 
we  are  speaking  of  ourselves,  but  very  unfortunately  it  does  not. 
There  is  a  great  slip  in  efficiency  between  the  intentions  of  the 
people  at  home  and  the  acts  of  our  representatives,  a  large  part  of 
the  responsibility  for  which  I  think  lies  on  ourselves;  and  if  I 
were  to  point  out  the  necessary  path  of  activity  on  the  part  of 
this  organization  for  the  next  year  and  indeed  for  the  next  few 
years,  it  would  be  in  connection  with  the  education  of  the  public, 
the  makers  of  public  opinion,  on  whom  any  development  has  got 
to  be  based.  There  is  no  way  of  avoiding  it  that  I  can  see.  We 
have  jT^ot  to  have  public  opinion  with  us  if  we  are  going  very  far. 

If  any  one  will  take  the  time  to  read  the  editorials  in  the 
Albany  newspapers  during  the  period  of  consideration  of  this 
hydro-electric  bill,  he  will  understand  very  easily  what  I  am 
speaking  of.  Fortunately,  th^  public  is  coming  slowly  to  under- 
stand this  attitude ;  fortunately  the  government  officials  are  becom- 
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ing  better  educated  to  the  facts  of  the  situation;  but  the  future 
has  got  to  be  worked  out,  the  possibilities  for  the  development  of 
our  natural  resources,  the  possibilities  of  working  under  federal 
and  State  regulation,  which  are  coming  without  any  question,  have 
got  to  be  worked  out  on  the  basis  of  an  educated  public  opinion, 
which  is  something  that  I  am  very  sure  this  organization  will 
succeed  in  bringing  about. 

The  Chairman  :  Is  there  to  be  any  further  discussion  on 
Mr.  Thomas's  paper?  There  seems  to  be  none  and  we  will  pass  to 
the  next  number,  the  Report  of  the  Committee  on  Progress,  Mr. 
T.  C.  Martin,  Secretary. 


REPORT  OF  THE  COMMITTEE  ON  PROGRESS 

GENERAL  SURVEY  AND   POLITICAL  ASPECTS 

If  one  feature  more  than  any  other  could  be  said  to  arrest 
the  gaze  of  the  observer  in  the  central-station  field  to-day,  it 
would  be  that  of  the  consolidation  into  one  system  of  numerous 
small  plants  in  a  given  territory,  requiring  the  application  to 
ordinary  central-station  operation  of  the  principles  and  practises 
that  hitherto  have  applied  to  pure  power  transmission  systems. 
We  were  wont,  only  a  few  years  ago,  to  think  of  central  stations 
and  of  power-transmission  systems  as  things  apart.  To-day,  so 
swift  is  the  march  of  events  and  improvement  in  our  field,  wc 
find  the  two  arts  overlapping,  blended,  merged,  and  even  con- 
fused, so  that  one  can  readily  imagine  the  necessity  of  enter- 
ing upon  a  new  regime  which  will  be  that  of  harmonization.  Such 
a  period  should  mean  much  to  the  nation  as  a  whole,  for  the 
revolution  is  all  predicated  upon  the  conservation  and  utilization 
of  hitherto  wasted  resources  of  power,  upon  the  greater  economy 
possible  in  dealing  with  our  existing  equipment,  and  upon  cheaper, 
better  service  to  the  public.  It  is  a  period  that  will  bring  much 
scrapping  of  material  and  men,  though  the  latter  have  the  privi- 
lege denied  to  inert  machinery  of  adjusting  themselves  with  new 
capacity  of  usefulness  to  new  conditions.  We  shall  learn  in  such 
a  period  what  our  real  resources  of  energy  are.  During  the 
recent  frightful  hullabaloo  and  racket  over  "conservation"  the 
man  in  the  street  has  been  induced  to  think  that  every  "water 
I)owcr/*  big  or  little,  developed  or  undeveloped,  is  a  Golconda  of 
inexhaustible  wealth,  which  has  cither  been  seized  by  predatory 
interests  or  which  he  must  so  protect  that  nobody  can  ever  seize 
it.  The  truth  will  emerge  clearly  during  this  period  on  which 
we  are  now  entering  that  water  powers,  as  such,  are  of  no  use 
to  anybody ;  that  their  development  is  a  business  as  risky  as 
mine  prospecting  and  often  as  unprofitable;  that  enormous  sums 
of  money  have  been  lost  in  trying  to  utilize  such  powers;  and 
that  the  keynote  of  our  industry  in  all  this  work  is  not  that  of 
rai)acity,  but  of  courage.  It  could  almost  be  asserted  that  as 
far  as  we  have  gone,  all  the  savings  and  capital   invested  in 
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hydro-electric  development  would  have  earned  a  much  larger 
profit  in  any  other  branch  of  industry,  and  that  whatever 
success  may  later  attend  our  efforts,  the  public  will  ever  remain, 
overwhelmingly,  the  beneficiary. 

Questions  of  water-power  control  and  regulation  have  been 
largely  dominating  in  National  and  State  politics  during  the  past 
year,  and  this  Report  must  refer  briefly  to  such  matters,  although 
they  will  receive  attention  elsewhere  in  the  work  of  this  Section. 
A  few  utterances  and  some  data  may  be  quoted  in  this  connection, 
and  the  first  place  must  be  given  to  the  report  of  the  Secretary 
of  the  Interior,  Mr.  Walter  L.  Fisher,  of  Chicago,  which  was 
sent  to  Congress  by  President  Taft  in  December,  19 12.  It  em- 
bodies the  formulation  of  an  idea  or  principle  that  is  not  unlikely 
to  endure  through  an  administration  elected  with  different  polit- 
ical ideals,  as  to  how  far  the  central  Government  shall  go  in 
affairs  more  particularly  affecting  the  States  and  regions  within 
them.     The  report  said: 

"There  is  no  more  important  subject  now  pending  before  Con- 
gress and  the  country  than  the  adoption  of  a  definite  and  com- 
prehensive water-power  policy,  both  with  regard  to  streams  in 
the  public  domain  and  navigable  streams  not  in  the  public  domain. 
During  the  past  year  the  subject  has  received  much  attention 
in  Congress  and  elsewhere.  The  hearings  before  the  National 
Waterways  Commission  were  especially  important  and  resulted 
in  a  unanimous  report*  which  marks  at  least  a  definite  step  for- 
ward toward  a  constructive  water-power  policy.  Bills  have  been 
introduced  providing  for  the  definite  adoption  of  such  a  policy 
with  respect  to  public  lands.  The  passage  of  two  bills  by  Con- 
gress, authorizing  dams  in  certain  navigable  streams,  and  the  dis- 
cussions over  these  bills  and  over  the  forceful  messages  in  which 
they  were  vetoed  have  clearly  pointed  out  the  necessity  for  amend- 
ment of  the  General  Dam  Act  and  have  suggested  the  amendments 
which  would  be  appropriate. 

"When  it  became  apparent  that  Congress  was  not  likely 
to  act  with  respect  to  water-power  site3  in  the  public  domain, 
a  series  of  conferences  was  arranged  between  the  representatives 
of  the  Department  of  Agriculture  and  the  Department  of  the 
Interior  for  the  purpose  of  drafting  a  comprehensive  revision  of 
the  regulations  of  these  two  departments,  with  respect  to  per- 

*  Senate  Document  No.  469.  Sixty-seccnd  Congress,  second  session. 
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mits  for  water-power  development  in  the  national  forests  and 
in  the  public  domain  generally.  The  revised  regulations  were  pot 
into  effect  by  the  Department  of  the  Interior  on  August  24, 
1912,  so  that  their  effect  might  be  carefully  considered  by  those 
who  are  interested  in  water-power  development.  On  Novem- 
ber 18,  1912,  a  largely  attended  conference,  with  representatives 
of  important  water-power  interests  and  of  the  State  conser- 
vation, water  and  railroad  Commissioners  of  California,  was  held 
in  the  office  of  the  Secretary  of  the  Interior.  This  was  for  the  pur- 
pose of  discussing  the  relations  between  the  State  and  National 
Governments  with  respect  to  water  power,  and  especially  of  con- 
sidering such  modifications  in  the  laws  and  regulations  as  might  be 
suggested  in  order  to  co-ordinate  the  functions  of  the  Nation  and 
the  States  and  make  the  regulations,  whether  State  or  National, 
sufficiently  liberal  to  encourage  vigorous  development  and  at  the 
same  time  to  protect  adequately  the  public  interests.  The  con- 
ference demonstrated  the  feasibility  of  effective  co-operation  for 
the  reconciliation  or  adjustment  of  the  different  interests.  State 
and  National,  public  and  private.  Many  helpful  suggestions  were 
made,  which  are  now  under  consideration. 

"The  fundamental  purpose  of  a  rightly  considered  water- 
power  policy  is  the  encouragement  and  stimulation  of  the  develop- 
ment and  use  of  this  great  natural  resource  for  the  benefit  of  the 
public  and  along  the  lines  which  will  protect  and  promote  the 
public  interest.  Its  object  is  development,  but  development  for 
the  benefit  of  the  public.  The  first  public  interest  is,  that  the 
water  power  shall  be  developed  and  utilized,  but  some  forms  of 
development  and  utilization  are  obviously  better  calculated  to  pro- 
mote the  public  interest  than  are  other  forms.  It  is  therefore 
essential  that  we  should  determine  what  form  of  development 
will  best  promote  the  public  interest. 

**So  far  as  the  Government  itself  does  not  undertake  the  de- 
velopment of  water  power  it  is  necessary  and  desirable  that  we 
shall  offer  to  those  private  interests  which  do  undertake  its  devel- 
opment, a  sufficient  opportunity  for  profit  and  a  sufficient  pro- 
tection of  their  investment  to  secure  the  largest  measure  of 
development  for  which  there  is  a  present  market  or  for  which 
a  market  can  profitably  be  created.  It  must  be  equally  appar- 
ent, however,  that  to  the  extent  to  which  we  offer  an  unneces- 
sary inducement  we  are  depriving  the  community  of  the  very 
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benefits  upon  which  the  present  theories  of  industrial  society 
depend. 

"Above  all,  we  must  make  certain  that  those  who  receive 
special  privileges  connected  with  water-power  development  shall, 
in  fact,  proceed  by  appropriate  degrees  and  within  appropriate 
times  to  develop  the  available  water  power  to  its  highest  capac- 
ity, having  due  regard  to  the  possibilities  of  marketing  the 
product.  We  must  make  certain  that  the  electric  energy  thus 
created  shall  be  made  available  to  the  community  in  appropriate 
ways  at  appropriate  prices.  If  it  is  not  to  be  used  for  the  benefit 
of  the  community  but  is  to  be  devoted  directly  to  the  private 
purposes  and  personal  advantages  of  the  permittee,  some  method 
must  be  found  by  which  the  public  will  receive  its  share  of  the 
profit  which  the  permittee  may  make  over  and  above  that  which 
is  a  necessary  and  reasonable  inducement  for  his  investment 

"The  theory  of  our  present  law  in  these  particulars  appears 
to  be  that  the  only  way  in  which  the  public  interest  can  properly 
be  protected  is  by  providing  that  the  permit  may  be  revoked  at 
any  time  by  the  official  who  grants  it.  To-day,  however,  the 
revocable  feature  of  the  existing  law  is  a  serious  and  unjustifiable 
obstacle  to  the  development  and  utilization  of  one  of  the  nation's 
greatest  natural  resources.  It  should  be  stricken  out  of  the  law, 
but  it  should  be  stritken  out  only  if  there  are  inserted  in  its 
place  statutory  provisions  which  will  define,  or  authorize  the 
appropriate  executive  agency  to  define,  by  regulations,  the  condi- 
tions and  limitations  upon  which  the  permit  is  issued  and  for  a 
breach  of  which  it  shall  be  canceled. 

"It  would  seem  to  be  axiomatic  that  where  any  govern- 
mental agency,  whether  State  or  Federal,  owns  or  controls  a 
natural  resource,  that  agency  should  take  such  steps  and  adopt 
such  policies  as  will  insure  that  this  natural  resource  is  being 
utilized  for  the  benefit  of  the  community.  If  the  particular 
agency.  State  or  Federal,  is  called  upon  to  expend  moneys  for 
the  protection  or  improvement  of  the  resource  and  the  resource 
itself  can,  without  detriment  to  the  community,  be  made  to  pro- 
duce revenues  out  of  which  such  expenditures  can  be  paid,  this 
course  should  be  adopted.  The  proposition  thus  laid  down  seems 
to  be  conceded,  reluctantly  in  some  cases  but  freely  in  others,  by 
those  who  are  interested  in  water-power  development.  As  a 
rule  also  they  concede  further,  that  if  water  power  is  being  devel- 
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oped  and  used  directly  by  the  permittee  for  its  own  financial 
profit  and  not  as  a  public  utility,  the  particular  governmental 
agency  issuing  the  permit  can  and  should  require  the  payment  of 
such  substantial  compensation  as  the  facts  in  any  given  case  may 
warrant. 

**Upon  the  other  hand,  however,  they  vigorously  contend 
that  much,  if  not  most,  of  the  water-power  development  upon 
navigable  streams  and  upon  the  public  domain  is,  in  fact,  in  the 
nature  of  a  public  utility,  in  that  it  is  devoted  to  the  generation 
of  electric  current  which  is  sold  by  the  permittee  for  general 
consumption  by  the  public  for  light,  heat  or  power.  They  now 
state  frankly  that  this  development  should  be  treated  as  a  regu- 
lated public  monopoly.  Some  of  them  contend  that  for  this  rea- 
son no  compensation  whatever  should  be  exacted  by  the  govern- 
ment which  grants  the  permit,  but  on  the  other  hand,  those  private 
interests  whose  representatives  are  really  candid  are  preparing  to 
admit  that  public  regulation  of  these  utilities  is,  generally  speak- 
ing, not  yet  efficient,  and  that  to  the  extent  to  which  it  fails  to 
be  efficient  the  government  is  justified  in  exacting  compensa- 
tion. They  admit,  further,  that  for  the  purpose  of  keeping  con- 
trol of  the  situation  and  upon  broad  general  principles  of  public 
policy  the  government  is  justified  in  imposing  a  nominal  compen- 
sation, even  in  cases  where  public  regulation  appears  to  be  reason- 
ably effective,  and  that  provision  for  periodic  readjustment  of 
this  compensation  will  be  a  useful  check  in  securing  such  effi- 
cient regulation.  Indeed,  the  only  controversy  of  importance 
appears  to  be  whether  the  Federal  Ciovcrnmcnt  or  the  States  shall 
control  the  granting  of  water-power  permits  and  shall  collect  the 
compensation. 

"So  far  as  concerns  walcr-powcr  concessions  upon  streams 
which  are  not  navigable,  the  Federal  Govenmient  is  directly  con- 
cerned to-day  only  where  the  application  is  for  the  use  of  some 
portion  of  the  federal  domain.  The  important  question  is 
whether  the  Federal  Government  should  retain  its  control  over 
such  power  sites  and  upon  what  conditions  the  concessions  shall 
be  issued.  The  suggestion  is  made  frequently  by  those  who  are 
in  one  way  or  another  representing  either  present  or  future 
investment  in  water-power  development,  that  such  power  sites  and 
their  control  sliould  be  turned  over  to  the  respective  States  in 
whicli  they  are  situated.     It  is  suggested  that  in  some  way  or 
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other  a  failure  to  do  this  is  a  usurpation  of  Federal  power  and 
an  unfair  discrimination  against  the  Western  States.  It  is  inter- 
esting, however,  to  note  that  the  ordinary  citizens  of  these  States 
are  not  at  all  concerned  over  federal  usurpation  or  unjust  treat- 
ment. They  recognize  that  the  Federal  Government  has  full 
legal  power  to  dispose  of  the  public  domain  as  wise  policy  may 
direct.  They  do  not  fear  federal  usurpation,  but  seek  federal 
co-operation  in  supplementing  State  and  local  powers,  so  that  the 
natural  resources  shall  be  utilized  for  the  public  benefit  primarily 
of  the  locality  in  which  these  resources  are  situated,  and  thus 
ultimately  for  the  benefit  of  the  nation  as  a  whole.  They  sus- 
pect that  the  real  purpose  of  those  who  urge  the  turning  over  of 
the  federal  domain  to  the  States  is,  that  they  may  escape  the 
longer  and  the  stronger  arm  of  the  Federal  Government  and 
may  take  advantage  of  the  more  limited  resources  and  gov- 
ernmental facilities  of  the  individual  States. 

**There  is  no  real  conflict  between  the  Nation  and  the  States 
upon  this  subject.  In  fact,  there  can  be  no  real  solution  of 
these  aspects  of  the  problem  until  the  interest  and  the  functions 
of  the  Nation  and  the  States  are  co-ordinated  and  they  are  work- 
ing together  for  the  same  essential  ends.  In  general,  all  of  the 
streams  which  are  susceptible  of  water-power  development  are 
also  of  great  importance  for  domestic  use,  for  irrigation^  or  for 
navigation.  All  of  them  depend  to  some  degree  upon  protection 
and  aid  of  some  kind  and  from  some  source  for  one  or  more  of 
these  uses.  Increasingly,  that  source  tends  to  be  the  Nation  and 
not  the  States. 

"Theoretically,  the  States  can  develop  and  protect  the  streams 
and  the  watersheds  of  the  streams  within  their  respective  bor- 
ders, and  if  these  streams  are  interstate  in  character  the  States 
affected  can  unite  in  plans  and  expenditures  for  their  joint  pro- 
tection and  development.  Practically,  however,  the  tendency  is 
increasingly  in  the  direction  of  federal  action  upon  such  matters. 
Some  of  the  individual  States  are  developing  effective  policies  of 
water  conservation,  but  it  is  the  Federal  Government  after  all 
which  is  called  upon  to  make  the  chief  expenditures  for  the 
development  of  navigation  and  for  the  protection  of  the  forest 
cover  around  the  sources  and  along  the  watersheds  of  both 
navigable  and  non-navigable  streams.  It  is  the  Federal  Govern- 
ment which  will  be  asked  to  build  the  reservoirs  in  which  to  im- 
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pound  the  flood  waters  at  their  source,  so  that  devastation  may 
be  prevented  and  the  stream  flow  be  made  regular  and  beneficent 
It  is  the  Federal  Government  which  has  established  and  is  main- 
taining the  forest  reserves,  by  withdrawing  appropriate  areas  on 
the  public  domain  and  purchasing  other  areas  in  the  Appalachian 
and  other  mountains  of  the  Eastern  States.  The  States  which 
are  jointly  interested  in  the  disposition  and  development  of  inter- 
state waters  not  only  do  not  co-operate  with  each  other  but  arc, 
in  fact,  antagonistic.  No  better  illustration  of  this  can  be  found 
than  in  the  present  attitude  of  State  officials  and  some  citizens 
of  Colorado  toward  the  utilization  of  the  waters  of  the  Rio  Grande 
for  the  irrigation  project  in  Texas  and  New  Mexico,  authorized 
by  Congress  partly  for  the  benefit  of  these  States,  but  largely 
in  settlement  of  an  international  controversy  with  Mexico. 

"If,  then,  the  Nation  is  to  perform  these  important  func- 
tions, if  it  is  to  make  these  expenditures,  if  it  is  to  be  the  arbiter 
and  harmonizer  of  conflicting  State  interests,  there  would  seem 
to  be  every  reason  why  the  Nation  should  retain  the  fullest 
measure  of  control  necessary  or  appropriate  to  enable  it  to 
perform  these  functions  eflfectively. 

"It  is  true  that  much  of  the  hydro-electric  energy  developed 
under  Federal  permit  will  be  sold  to  local  communities  and  tl^eir 
inhabitants  for  general  lighting,  heating  and  power  purposes, 
and  that  the  local  communities  affected  are  therefore  vitally 
concerned  in  the  character  of  the  service  rendered  by  the  per- 
mittee and  in  the  charges  for  this  service.  The  improvement  of 
long-distance  transmission  will  tend  to  change  this  local  interest 
into  an  interest  interstate  in  character,  and  this  change  will 
lead  to  the  necessary  assertion  of  the  federal  power  over  inter- 
state commerce,  as  has  been  the  case  in  the  field  of  railroad  enter- 
prise. Until  that  time  comes,  and  except  as  it  does  come,  it 
should  be  a  fundamental  principle  of  federal  water-power  policy 
to  relegate  to  the  States  and  their  delegated  agencies,  whether 
such  agencies  be  the  local  municipalities  or  the  public-utility  com- 
missions, the  important  function  of  regulating  the  service  and  the 
rates  of  hydro-electric  public  utilities.  It  should  equally  be  a 
feature  of  federal  policy  to  utilize  the  revenue  derived  from 
water-power  permits  solely  for  the  purposes  of  water  develop- 
ment, thus  returning  to  the  local  communities,  not  by  any  nice 
adjustment  of  particular  expenditures  to  particular  receipts,  but 
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as  a  general  policy,  the  contributions  which  these  communities 
may  directly  or  indirectly  make  to  the  Federal  treasury.  Where 
the  local  community  is  efl&ciently  regulating  the  rates  and  serv- 
ices of  these  permittees,  the  Federal  charge  should  be  nominal 
in  amount,  but  it  should  be  susceptible  of  periodic  readjustment, 
so  that  official  inquiry  may  be  made  into  the  extent  to  which  local 
regulation  is  efficient.  If  for  any  reason  such  regulation  is  not 
effective  and  the  permittee  is  enjoying  an  unconscionable  profit, 
this  profit  may  be  diminished  by  appropriate  increases  of  the  Fed- 
eral charge.  Such  a  policy  can  in  no  way  injuriously  affect  the 
legitimate  interests  of  the  private  investor  or  the  local  com- 
munity." 

Upon  all  of  which  admirable  survey  of  a  rather  complex 
problem  and  situation,  one  of  the  leading  technical  journals 
remarked :  "What  American  industry  wants  is  a  cheap  and  boun- 
tiful power  supply,  a  stoppage  of  the  enormous  waste  which  is 
now  going  on,  and  encouragement  to  legitimate  enterprise  for 
utilizing  it."  The  case  is  there  in  a  nutshell.  A  further  expres- 
sion of  opinion  from  Secretary  Fisher  may  be  quoted  as  impor- 
tant, seeing  it  embodies  views  that  seem  to  control  governmental 
attitude  and  action  even  under  the  newer  administrative  condi- 
tions. In  a  speech  before  the  American  Forestry  Association  at 
Washington,  last  January  Mr.  Fisher  said  the  opponents  of 
the  conservation  movement  were  devoting  themselves  chiefly  to 
the  accusation  that  the  conservationists  represent  a  purely  nega- 
tive principle  and  that  the  policy  of  the  conservation  movement  is 
to  withdraw  from  the  fields  of  activity  the  national  and  natural 
resources  and  to  prevent  their  effective  and  prompt  development. 
In  denying  this  accusation,  the  speaker  said  that  the  water  powers 
of  the  country  have  been  tied  up,  to  its  great  disadvantage, 
because  while  the  fuel  resources  are  destroyed  in  their  use  the 
water  power  that  is  developed  is  perpetual  and  continuous,  and 
its  use  is  the  most  living  and  vital  example  of  conservation.  It 
IS  therefore  to  the  interest  of  the  country  and  its  citizens,  Secre- 
tary Fisher  said,  to  urge  and  to  secure  the  adoption  of  a  policy 
which  will  permit  these  resources  to  be  jused  as  promptly  and  as 
fully  as  possible.  The  reason  why  so  little  has  been  accomplished, 
he  thought,  was  not  the  inherent  difficulty  of  the  situation,  but 
the  obstacles  which  have  been  intentionally  thrown  in  the  way 
of  that  policy  by  people  seeking  to  discredit  the  movement.     It 
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happened  that  in  March,  191 1,  by  a  rider  attached  to  an  appro- 
priation bill,  a  provision  was  inserted  which  gave  the  head  of 
any  department  having  utilization  of  public  lands  and  reservations 
the  right,  under  rules  and  regulations  prescribed  by  him,  to  grant 
an  easement  for  a  period  not  to  exceed  50  years,  for  electric 
transmission  lines  and  for  telegraph  and  telephone  lines.  At  the 
end  of  the  rider  a  provision  was  added  that  those  who  already 
had  revocable  permits  for  a  particular  transmission  line  could 
obtain  grants  upon  the  same  terms  and  conditions  as  were  pre- 
scribed for  others.  Seizing  upon  this  rider  as  the  first  and  only 
opportunity,  the  Secretary  of  the  Interior  put  into  eflFect  certain 
rules  and  regulations  to  give  the  constructive  policy  something 
of  an  impetus.  These  regulations,  according  to  Secretary 
Fisher,  went  farther  than  it  was  thought  necessary  and  wise  to  go, 
but  the  extreme  view  was  adopted  and  the  regulations  were  sent 
out  to  all  the  power  interests  in  the  United  States,  notice  being 
given  them  at  the  same  time  of  a  conference  at  which  the  Sec- 
retary of  the  Interior  would  be  glad  to  listen  to  suggestions  for 
modifications. 

One  of  the  particular  interests  represented  at  that  conference 
was  the  Great  Falls  Power  Co.,  which  asked  nothing  from  the 
Federal  Government  and  needed  nothing  from  the  Federal  Gov- 
ernment, so  far  as  the  power  site  of  itself  was  concerned,  but 
needed  a  right-of-way  over  public  lands  and  national. forests  for 
its  transmission  lines.  The  company  was  then  engaged  in  active 
negotiations  with  the  Chicago,  Milwaukee  &  Puget  Sound  Rail- 
road system  for  electrification  of  its  road  through  the  moun- 
tain regions  where  water  power  is  available.  The  power  com- 
pany had  a  revocable  transmission-line  permit  to  cross  the  public 
domain,  but  the  railroad  company  was  unwilling  to  make  a  con- 
tract with  It  unless  a  permanent  permit  could  be  obtained.  The 
permit  was  accordingly  granted  on  a  50-year  basis.  Secretary 
Fisher  stated  that  when  the  power  company  made  the  contract 
with  the  railroad  company  the  contract  was  submitted  to  the 
Department  of  the  Interior,  whose  purpose  it  was  to  prevent,  by 
a  manipulation  between  two  interests,  an  excess  charge  for  the 
electricity  purchased  by  the  railroad  company  which  would  be  a 
bar  to  eflFective  rate  regulation  by  the  Interstate  Commerce  Com- 
mission. The  great  significance  of  this  particular  grant,  he  said, 
is  twofold— first,  in  that  it  marks  the  first  step  toward  the  dec- 
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trification  of  the  transcontinental  railroads,  and,  second  and  in 
Secretary  Fisher's  judgment  far  more  important,  because  it  makes 
effective  the  sort  of  regulations  regarding  large  power  interests 
for  which  conservationists  have  contended. 

Significant  in  this  connection  is  the  fact  that  the  proposal 
of  President  Taft  and  Secretary  of  War  Stimson  that  the  Federal 
Government  have  control  over  water-power  sites  to  the  extent  of 
imposing  a  ^'reasonable  annual  charge,"  was  defeated  in  the  U.  S. 
Senate  on  February  17.  The  issue  was  fought  out  on  the  Con- 
necticut River  dam  bill  in  which  was  included  a  provision  for 
an  annual  federal  tax.  On  the  motion  of  Senator  Bankhead,  of 
Alabama,  the  provision  was  stricken  from  the  bill.  With  that 
out  the  bill  passed  by  a  vote  of  74  to  12.  An  amendment  was 
made  to  the  bill,  at  the  suggestion  of  Senator  Borah,  making 
hydro-electric  transmission  companies  having  transmission  lines 
passing  from  one  State  to  another,  subject  to  the  control  of  the 
Interstate  Commerce  Commission  and  to  the  interstate  commerce 
laws.  Another  amendment,  added  by  Senator  Jones,  gives  the  Sec- 
retary of  War  the  right  to  cancel  the  privileges  on  the  Connecticut 
River,  granted  by  the  measure  to  the  Connecticut  River  Power  Co., 
if  the  company  ever  becomes  part  of  an  unlawful  monopoly  or 
corporation  or  ever  enters  into  any  contracts  in  restraint  of  trade. 
Notwithstanding  the  passage  of  the  bill  by  the  Senate,  the  Sec- 
retary of  War  did  not  yield  in  this  shape  in  his  belief  in  a  Federal 
tax  on  water  powers.  He  issued  a  statement,  following  the 
passage  of  the  bill,  voicing  the  opinion  of  the  Administration 
and  the  advocates  of  the  tax,  which  is  in  part  as  follows:  ''A 
dam  is  to  be  built  by  the  Connecticut  River  Co.  at  the  Enfield 
Rapids,  on  the  Connecticut  River.  This  dam  will  promote  navi- 
gation and  it  will  also  create  valuable  water  power  for  that 
company.  I  insisted  that  the  company,  as  one  of  the  conditions 
under  which  it  was  to  obtain  the  Government's  consent  for  the 
construction  of  the  dam,  should  pay  into  the  national  treasury 
a  share  of  its  net  profits  above  8  per  cent,  this  money  to  be 
applied  by  the  Government  toward  the  improvement  of  the  naviga- 
tion of  the  Connecticut  River.  The  company  was  quite  i- 
to  do  this,  and  the  arrangement  was  carefully  drawn  up  and  agreed 
upon.  The  majority  of  the  United  States  Senate,  comprising 
almost  all  of  the  Democratic  members,  are  unwilling  to  permit 
this  contribution  to  be  made  to  the  national  treasury.    They 
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insist  that  this  valuable  privilege  shall  be  granted  to  the  Con- 
necticut River  Co.  without  any  such  return,  and  they  insist  Upon 
this  in  face  of  the  fact  that  the  company  is  ready  to  pay  it  I  do 
not  believe  that  such  a  position  is  good  law  or  good  business 
or  good  politics,  and  I  venture  the  prediction  that  in  spite  of  this 
apparent  rebuff  the  day  when  these  valuable  water  powers  will 
be  given  away  for  nothing  is  over."  It  is  apparent  that  the  old 
delusion  of  "giving  away"  water  powers  still  obtains  amongst 
some  fairly  intelligent  people  from  whom  better  things  might 
be  expected. 

The  Governors  of  a  good  many  of  the  States  do  not  at  all  see 
eye  to  eye  with  the  National  Government  on  these  questions  of 
conservation,  in  which  respect,  as  intimated  by  the  incident  just 
noted,  they  are  supported  by  many  other  distinguished  and  influ- 
ential citizens.  At  the  meeting  of  the  National  Electrical  Con- 
tractors' Association  in  Denver  last  summer,  for  example.  Gov- 
ernor Sha froth  asserted  that  the  recent  cessation  in  hydro-elec- 
tric development,  as  well  as  the  stagnation  in  land  development 
and  coal-mine  development,  was  due  to  the  Federal  policy  of 
conservation  for  the  central  government  rather  than  by  iht  State. 
This  the  Governor  regarded  as  discriminating  in  favor  of 
older  States  where  water  powers,  coal  mines,  gas  and  oil  wells 
were  developed,  unrestricted  by  governmental  interference  or  tax- 
ation, thus  making  great  manufacturing  States  out  of  Massachu- 
setts, Pennsylvania  and  Ohio.  In  Colorado  the  heavy  expenses 
of  State  government,  roads,  schools,  etc.,  must  be  borne,  together 
with  an  added  tax  for  the  development  of  its  natural  resources. 
Fifteen  million  acres,  or  a  territory  as  large  as  New  York  State, 
belonged  to  the  Federal  Government  and  paid  nothing  toward 
State  expenses.  Since  by  the  State  enabling  act,  water  and  all  nat- 
ural rights  and  properties  belonged  to  the  people  of  the  State,  the 
government  makes  a  tax  on  transmission  systems  of  about  $1.00 
per  year  per  horse  power  transmitted.  The  avowed  object  is  to  pre- 
vent fraud  and  monopoly,  but  the  State  can  and  will  as  effectively 
regulate  common  carriers  and  can  initiate  laws  if  necessary.  The 
government  tax  of  lo  cents  per  ton  for  coal  means  ultimately 
$37,000,000  tax  on  the  people  of  the  State,  and  the  trans- 
mission tax  will  ultimately  mean  $1,000,000  a  year.  Governor 
Shafroth  asserted  that  there  would  be  an  investment  of  $100,- 
000,000  in  hydro-electric  plants  within  three  years  if  the  Federal 
restrictions  were  withdrawn. 
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To  show  that  such  views  are  not  individual  but  general  and 
symptomatic,  it  may  be  noted  that  at  the  luncheon  of  the  Colorado 
Electric  Club  in  Denver,  February  6,  Governor  Ammons,  discuss- 
ing the  electrical  development  of  his  State,  and  referring  to  the  un- 
developed natural  resources  in  metal  mines  and  agriculture,  urged 
the  need  for  better  utilizing  the  waters  of  the  State,  both  in  the 
mountain  streams  for  power  purposes  and  by  the  electric  pump- 
ing of  wells  for  irrigation.  Such  pumping,  declared  the  Gov- 
ernor, often  proves  to  be  cheaper  than  gravity  irrigation  with  long 
ditches  and  shallow  storages,  on  account  of  the  latter's  limited 
usefulness  and  large  losses  by  seepage  and  evaporation.  Governor 
Ammons  assailed  the  position  of  the  Federal  Government  in 
exacting  royalty  for  the  use  of  State  waters  because  they  originate 
partly  on  government  land.  This  policy,  he  declared^  discrim- 
inates against  Colorado  by  denying  it  ready  development  of  its 
resources,  although  Eastern  States  have  in  the  past  been  allowed 
the  greatest  freedom.  Governor  Ammons  urged  State  control  of 
water-power  rights. 

Very  much  the  same  points  of  conflict  have  been  empha- 
sized in  the  control  and  regulation  of  the  energy  from  the  Niagara 
River,  and  in  the  differing  views  on  these  subjects  taken  by  estim- 
able authorities.  Last  year  a  bill  was  introduced  in  the  National 
House  of  Representatives  controlling  the  diversion  of  water  on 
the  American  side  of  the  Niagara  River  and  the  importation  of 
electricity  from  Canada.  The  Burton  act  expired  by  limitation 
on  March  4,  and  it  was  proposed,  to  take  from  the  Federal  Gov- 
ernment the  control  of  the  diversion  of  water  in  navigable  rivers 
and,  in  the  Niagara  Falls  case,  invest  it  in  the  State  of  New 
York.  The  treaty  between  Great  Britain  and  the  United  States 
authorizes  the  United  States  to  permit  the  diversion  of  not  more 
than  20,000  cu.  ft.  of  water  per  second,  while  the  Canadian  Gov- 
ernment is  empowered  to  authorize  the  diversion  of  not  more 
than  36,000  cu.  ft.  per  second.  At  present  the  diversion  on  the 
American  side  of  the  Niagara  River  aggregates  15,600  cu.  ft. 
per  second.  The  bill  before  Congress  did  not  permit  the  diver- 
sion of  any  more  than  that  amount,  and  whereas  the  Burton  act 
permitted  the  importation  of  a  maximum  of  350,000  hp.  from 
Canada,  the  bill  limited  the  amount  to  200,000  hp.  It  also  made 
it  obligatory  for  the  generating  companies  to  utilize  the  water 
at  its  maximum  efficiency   and  stipulated  that  the  companies 
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receiving  permits  for  the  transmission  or  delivery  of  electrical 
energy  should  be  regulated  as  to  rates,  etc.,  by  the  Public  Scrv-  , 
ice  Commission  of  the  State,  or  where  such  a  commission  was 
lacking  by  the  Governor  of  the  State. 

At  the  hearing  on  January  22,  the  State  of  New  York, 
through  its  Attorney-General,  claimed  that  after  the  Government 
had  decided  how  much  water  may  be  diverted  from  the  Niagara 
River,  it  was  entitled  to  control  the  diversion  of  the  water  and 
to  decide  the  parties  to  whom  it  should  go.  It  was  contended 
that  while  the  Federal  Government  has  a  right  to  determine  the 
quantity  of  water  that  may  be  diverted  from  a  boundary  stream 
in  the  exercise  of  its  constitutional  right  to  control  navigation, 
that  power  is  exercised  pursuant  to  that  constitutional  right  only 
for  the  purpose  of  regulating  and  controlling  navigation  and  for  no 
other.  Moreover,  it  was  asserted  by  the  State  of  New  York  that 
the  Federal  Government  has  no  right  to  say  how  much  power 
shall  come  into  the  State  of  New  York  from  Canada,  or  what 
shall  be  done  with  it,  any  more  than  it  has  the  right  to  say  how 
many  bushels  of  wheat  shall  come  in  from  Canada  or  to  regulate 
the  price  or  amount  of  imports. 

The  junior  Senator  from  New  York  said  that  the  State, 
in  its  sovereign  capacity  remains  the  owner  of  all  its  property, 
subject  only  to  the  exercise  of  all  of  those  rights  or  provisions 
which  the  State  voluntarily  transfers  to  the  Federal  Government 
such  as,  for  instance,  to  promote  navigation,  make  treaties  and 
provide  for  the  common  defense.  The  president  of  the  New 
York  State  Conservation  Commission  expressed  opposition  to  any 
legislation  which  would  permit  the  existing  generating  companies 
to  get  any  additional  water  from  Niagara  Falls.  He  said  that 
the  present  policy  of  the  State  was  to  utilize  all  the  undeveloped 
water  powers  for  the  benefit  of  the  people  generally,  and  to  utilize 
whatever  water  is  available  at  Niagara  Falls  for  the  genera- 
tion of  electricity,  to  be  transmitted  to  the  various  municipalities 
and  through  them  to  the  ultimate  consumer  at  practically  the  cost 
of  its  development.  He  also  maintained  that  true  conservation 
presupposes  the  utilization  of  all  water  at  its  maximum  efficiency. 

It  was  brought  out  at  the  hearing  that  the  taxes  of  the 
Niagara  Falls  Power  Co.  to  the  State  and  municipalities  aggre- 
gate $3.00  per  hp.,  while  the  Canadian  Government  charges  prac- 
tically $1.00  per  hp.    The  Cataract  Power  &  Conduit  Co.,  which 
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distributes  Niagara  energy  in  Buffalo,  pays  the  Niagara  Falls 
Power  Co.  $i6  per  hp.-year  and  sells  it  at  practically  $25  per  hp.- 
year,  the  difference  being  used  to  pay  all  the  charges  of  trans- 
formation and  transmission  to  Buffalo  and  its  distribution  in  that 
city.  It  was  pointed  out  that  whereas  the  Hydro-Electric  Power 
Commission  of  Ontario  pays  $9.40  per  hp.-year  for  energy  to  the 
Ontario  Power  Co.,  as  against  the  $16  charged  by  the  Niagara 
Falls  Power  Co.,  the  latter  charge  is  for  energy  transmitted  to 
Buffalo  while  the  former  charge  is  for  energy  delivered  at  the 
terminals  of  the  transforming  apparatus,  or  practically  at  the 
power  house.  It  was  said  that  by  limiting  the  amount  of  energy 
that  can  be  imported  from  Canada  into  the  United  States,  Con- 
gress had  glutted  the  Canadian  market  with  cheap  energy.  The 
secretary  of  the  Niagara  Falls  Power  Co.,  stated  that  his  com- 
pany had  had  offered  to  it  by  the  Hydro-Electric  Power  Com- 
mission of  Ontario  the  same  opportunity  as  the  Ontario  Power 
Co.,  and  refused  to  sell  energy  at  $940  per  hp.-year,  claiming 
that  it  wotdd  be  unprofitable  even  at  approximately  $14  per 
hp.-year.  He  also  pointed  out  that  the  Ontario  Power  Co.  gen- 
erates 17  hp.  for  every  cubic  foot  of  water  per  second  that  is 
used,  whereas  the  Niagara  Falls  Power  Co.  is  able  to  generate 
only  about  11^  hp.  for  every  cubic  foot  of  water  per  second 
used. 

The  counsel  for  the  New  York  State  Conservation  Com- 
mission asked  the  committee  on  foreign  affairs  to  consider  the 
three  following  propositions:  First,  to  render  available  for  use 
all  of  the  water  granted  by  the  treaty;  second,  if  Congress  had 
the  power  to  do  so,  to  compel  the  companies  to  submit  themselves 
to  the  jurisdiction  of  the  controlling  powers  of  the  State  of 
New  York ;  third,  to  have  Congress  give  that  controlling  power 
in  New  York  an  opportunity  to  say  what  shall  be  done  add 
what  price  shall  be  given  for  the  energy  after  it  comes  into  the 
State.  The  member  of  the  committee  on  foreign  affairs  from 
Texas  pointed  out  that,  as  a  matter  of  conservation,  the  companies 
which  are  already  developed  at  Niagara  Falls  and  have  the 
machinery  and  equipment  were  in  a  very  much  better  position  to 
grive  cheap  energy  to  the  people  than  others  that  had  no  equip- 
ment whatever. 

All  of  which  is  very  interesting.  The  bill  as  finally  reported 
gave  the  Secretary  of  War  authority  to  regulate  the  diversion  of 
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the  water  at  Niagara  Falls,  but  left  to  the  State  Public 
Commission  the  right  to  control  the  rates  charged  for  the  elec- 
trical energy  developed.  No  change  was  made  in  the  provisioDs 
of  the  Burton  act  limiting  the  amount  of  water  to  be  diverted 
on  the  American  side  to  15,600  cu-ft  per  second.  By  final  legis- 
lation in  Congress  on  March  4,  the  Niagara  power  companies 
were  allowed  to  use  4000  cu-ft.  per  second  up  to  the  full  20,000 
allowed  by  the  international  treaty. 

Another  interesting  case  within  the  comers  of  this  problem 
is  right  here  in  Chicago.    Secretary  of  War  Stimson  made  a 
decision  this  year,  refusing  the  additional  diversion  of  water  from 
Lake  Michigan  for  the  Chicago  Drainage  Canal  sought  by  the 
trustees  of  the  Sanitary  District  of  Chicago.  The  Secretary  of  War 
held  that  the  Drainage  Canal  had  never  received  the  direct  sanc- 
tion of  Congress.    He  held  that  the  withdrawal  of  10,000  cu-ft 
a  second  would  interfere  with  the  navigable  capacity  of  the  Great 
Lakes  and  their  connecting  rivers.   In  1899  the  Secretary  of  War 
permitted  the  Sanitary  District  to  take  5000  cu.  ft  of  water  per 
second  from  Lake  Michigan.    About  $70,000,000  has  been  spent 
in  building  the  canal  and  the  works  connected  with  it.    A  water 
power  was  created  by  the  flow  of  water  and  a  28,000-kw.  hydro- 
electric plant  has  been  built  and  is  in  operation  at  Lockport,  IlL, 
a  large  portion  of  the  electrical  energy  being  used  for  the  purpose 
of  lighting  the  streets  of  Chicago.    In  relation  to  this  water- 
power  development,  Secretary  Stimson  said  that  for  every  horse 
power  realized  at  Lockport  4  hp.  could  be  produced  at  Niagara, 
where  the  natural  conditions  are  much  more  favorable.  On  the  part 
of  the  City  of  Chicago,  it  is  urged  that  the  present  canal  repre- 
sents the  development  of  a  national  policy  for  uniting  the  waters 
of  Lake  Michigan  and  the  Illinois  River  which  goes  back  to  1827. 
Before  passing  on  from  this  particular  phase  of  the  subject, 
reference  may  be  made  to  the  paper  read  at  the  October  Chicago 
convention  of  the  American  Electric  Railway  Association  by  Mr. 
James  E.  Hewes,  of  H.  M.  Byllesby  &  Co.,  on  "Advantages  to 
Communities  Through  the  Development  of  Water  Powers/'  in 
which  the  concrete  suggestion  was  put  forth  for  a  national  com- 
mission of  experts  to  solve  waterway  and  water-power  problems 
on  a  broad  scale.     Mr.  Hewes  said : 

"Our  first  duty  in  this  matter  is  to  see  that  honest  business 
men  and  properly  qualified  engineers  form  a  commission,  prop- 
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erly  paid  for  its  services,  to  determine  a  broad  plan  for  the  devel- 
opment of  river  navigation  and  water  power,  wherever  power 
can  be  developed  advantageously  and  where  a  dam  must  be  used 
for  navigation. 

"A  dam  used  for  navigation  improvement  is  usually  not  the 
dam  best  adapted  for  power  purposes,  because  the  head  is  low, 
and  if  such  a  dam  were  used  in  power  development  high  water 
would  cause  great  fluctuations  in  capacity. 

''In  such  problems  the  commission  I  have  mentioned  could 
determine  whether  it  be  feasible  to  build  a  high  dam  instead  of  a 
low  dam ;  also  whether  the  additional  expense  is  warranted  by  the 
Government,  or  if  corporations  should  pay  it  because  of  the  devel- 
opment of  power  for  their  use. 

"Such  a  commission  would  solve  a  problem  that  no  one 
administration  has  yet  solved.  This  is  a  problem  that  ought  not 
to  be  an  administrative  problem.  It  is  unfair  to  put  the  burden 
on  an  administration,  but  the  administration  that  creates  such 
a  commission  as  I  have  outlined  will  have  done  the  biggest  thing 
yet  done  by  any  administration.  A  commission  that  would 
accomplish  the  control  of  floods  in  the  Mississippi  Valley  and  its 
tributaries  and  improve  the  navigation  of  the  river,  would  be 
doing  a  bigger  thing  for  posterity  than  the  digging  of  the  Panama 
Canal  or  anything  else  that  has  ever  been  done  by  any  single 
government  for  its  people." 

Mr.  Hewes  pointed  out  the  enormous  loss  of  life  and  prop- 
erty in  the  United  States  due  to  floods,  and  said  that  the  first 
great  benefit  of  water-power  development  is  the  prevention  of 
floods.  The  present  Governmental  policy,  he  declared,  is  "saving 
at  the  spigot  and  wasting  at  the  bung-hole."  The  Government 
should  begin  down-stream  and  work  up.  Continuing,  he  said: 
"The  Mississippi  Valley  has  many  water-power  sites  where  devel- 
opment would  mean  prevention  of  floods,  cheap  navigation  and 
fair  income  to  corporations  that  could  be  induced  to  co-operate 
with  the  Government  in  the  joint  development  of  water  power 
and  the  improvement  of  navigation."  Every  dam  not  used  for 
the  development  of  electrical  energy  means  just  so  much  loss  of 
income  to  the  community.  At  the  present  time  "it  is  an  almost 
insurmountable  proposition  to  obtain  Government  consent  to 
build  a  dam,  unless  provision  is  made  for  navigation,  such  as 
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the  building  of  locks  at  rapids  over  which  even  an  Indian  has 
never  paddled  his  canoe." 

The  economic  importance  of  water-power  devdopmeni 
in  saving  coal  was  pointed  out  by  Mr.  Hewes.  "Thanb 
to  hig^-potential  electrical  transmission,  I  dare  say  it  is 
possible  to-day  to  cover  the  entire  area  of  the  United  States 
with  a  network  of  high-tension  lines  connecting  together,  with 
efficient  distribution,  all  of  the  water  powers  capaUe  of  develop- 
ment in  the  United  States/' 

Navigable  waterways  mean  a  saving  in  transportation.  "These 
are  the  big  things  which  we  should  conserve  to  the  people  and 
hand  down  to  posterity — navigable  rivers,  cheaper  transportation 
and  developed  water  power,  the  coal  remaining  to  heat  the  bodies 
of  our  descendants."  The  sun,  in  lifting  water,  is  the  greatest 
pumping  plant  in  the  universe,  and  the  author  believes  that  Ais 
is  about  the  only  way  in  which  its  rays  can  be  used  as  a  large 
source  of  power.    It  is  the  one  g^eat  perpetual  motion. 

SOME  STATE  OWNERSHIP  PLANS 

It  is  certainly  evident  that  some  of  the  States  take  very 
seriously  the  idea  that  all  the  power  and  all  the  sources  of  power 
are  theirs;  yet  other  States  go  further  and  are  willing  both 
to  check  and  hamper  private  development  while  committing  the 
taxpayefs  to  vast  schemes  of  utilization,  of  more  or  less  uncertain 
value  and  of  very  doubtful  profitableness.  The  Lq;ialatiire  of 
Washington  had  before  it  this  winter,  for  example,  a  bill  which 
provided  that  the  waters  or  streams  in  the  State  necessary  tar 
irrigation  could  not  be  used  for  the  generation  of  decliicity  to 
be  sold  in  other  States ;  which  strikes  one  as  equivalent  to  ibt 
proposition  that  all  the  wheat  or  coal  raised  in  any  given  State 
must  there  be  consumed.  The  measure  was  directed  against  die 
Northwestern  Electric  Co.  proposing  to  utilize  the  Klicfcftil 
River,  and  deliver  its  energy  chiefly  in  Portland,  Ore.  It  seems 
obvious  that  there  would  still  in  the  end  be  just  as  mnch  water 
for  irrigation. 

The  disposition  of  250,000  hydro-electric  horse  power,  the 
possible  development  of  the  streams  of  eastern  Nebraska,  is  the 
aim  of  an  investigation  made  this  winter  by  the  Nebraska  L^fit- 
lattire  into  the  feasibility  of  a  plan  by  which  the  State  coufd  issue 
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bonds,  develop  the  power  and  sell  the  energy  to  the  cities  of 
Omaha,  Lincoln,  Sioux  City  and  other  places  along  the  Missotiri 
River.  Under  existing  laws  the  Commonwealth  has  no  authority 
to  enter  upon  this  field  of  work,  but  advocates  of  State  ownership 
are  urging  that  the  Legislature  enact  the  necessary  laws  and 
undertake  the  development.  A  bill  with  that  aim  in  view  was 
introduced  in  the  Legislature,  and  a  committee  has  been  engaged 
in  making  the  investigation.  Nebraska  does  not  produce  a  pound 
of  coal  or  a  gallon  of  oil,  and  the  development  of  its  water  powers 
is  of  vital  interest.  There  is  a  fall  of  some  5000  ft.  between  its 
western  and  eastern  boundary,  and  its  big  rivers  are  capable  of 
developing  large  quantities  of  electricity.  Kountze  Brothers, 
bankers.  New  York,  the  Moore  syndicate  of  Detroit,  and  the 
Babcock-Doherty  interests  have  grants  for  developing  more  than 
100,000  hp.  on  the  Platte  River,  and  the  sites  are  all  within 
transmitting  distance  of  Omaha.  Governor  Aldrich,  however,  is 
opposed  to  State  development,  and  Prof.  G.  E.  Condra,  director 
of  the  State  conservation  work,  agrees  with  him.  According  to 
Prof.  Condra,  the  State  should  grant  the  power  sites  to  private 
parties,  but  should  retain  supervision  over  the  development.  He 
says  that  this  is  the  best  practical  means  of  securing  development 
without  exploitation  and  sacrifice  of  the  public  interest.  Probably 
all  of  us,  and  most  others  who  have  studied  these  subjects,  will 
be  inclined  to  agree  with  them. 

A  good  deal  of  this  agitation  has  undoubtedly  sprung  from 
the  astounding  claims  made  as  to  the  results  and  success  of  the 
Hydro-Electric  Power  Commission  of  Ontario,  Canada,  to  whose 
enterprises  reference  has  been  made  in  previous  Reports  of 
Progress  to  this  Association.  New  York  State,  as  will  be  pres- 
ently shown,  has  suffered  greatly  from  the  acceptance  at  their  face 
value  of  the  statements  put  forward  as  to  the  wonderful  operations 
of  this  body  in  a  neighboring  Province.  The  evil  might  have  spread, 
but  in  the  meantime  a  corrective  has  been  applied  with  most  salu- 
tary results,  already  seen,  in  the  book:  "An  Expensive  Experi- 
ment," by  Mr.  Reginald  Pelham  Bolton.  It  is  a  close  and  searching 
analysis  of  all  the  conditions  involved  in  the  operations  of  the 
Canadian  Commission,  which  without  any  real  generating  plant 
of  its  own,  has  been  enabled  through  a  splendid  private  develop- 
ment at  the  Falls  of  Niagara  to  get  energy  at  as  low  a  figure  as 
$9.40  per  hp.  (and  other  small  sources  bringing  the  average  of 


36 

33>ooo  hp.  up  to  $11.14)  to  supply  a  large  number  of  municipali- 
ties in  the  Province  at  relatively  low  rates.  When  it  is  stated 
that  the  rates  are  based  on  a  mere  maximum  demand,  it  will 
be  seen  that  the  small  community,  unable  to  keep  down  its  peak 
and  flatten  the  curve  is  not  getting  exactly  what  it  was  promised; 
and  in  the  meantime  the  burden  of  indebtedness  assumed  and 
borne  by  the  towns  and  cities  is  enormous.  One  of  these  places 
shows  as  low  as  19  per  cent  use  of  the  power  contracted  for,  and 
excluding  Toronto^  which  made  a  good  bargain  but  still  shows  a 
large  and  growing  specific  deficit  of  its  own,  the  use  in  September, 
1912,  of  all  the  other  municipalities  was  only  71  per  cent  of  their 
contracted  totals.  This,  of  course,  should  improve  in  time,  but 
Canada  may  plausibly  be  assumed  to  have  a  bad  reaction  ahead 
of  it  after  the  enormous  boom  of  recent  years;  and  the  burdens 
must  still  be  borne.  The  fact  remains  that  a  transmission  system 
capable  of  utilizing  60,000  hp.  with  estimates  of  nearly  115,000 
hp.  contracts  has  got  only  as  far  as  33,000  hp.,  and  that  several 
communities  by  legislative  permission  cut  their  contracts  40 
per  cent.  With  over  $4,000,000  invested  by  it  alone,  the  Province 
Commission  up  to  the  end  of  1912,  is  clearly  shown  really  not 
able  to  pay  its  way,  has  no  generating  plant  of  its  own  and  no 
steam  standby  reserve,  and  is  discriminating  in  rates  in  a  way 
no  private  corporation  ever  dared  to  attempt.  The  share  of  the 
capital  cost  of  the  transmission  line  involved  in  connecting  the 
city  of  London,  Ont.,  to  Niagara  amounts  to  $256  per  hp.  used. 
As  Mr.  Bolton  points  out,  a  good  steam  power  plant  could  be 
constructed  for  one-third  of  that,  and  good  coal  is  purchasable 
in  London  at  $3.00  per  ton.  Mr.  Bolton  sums  up  his  general 
review  of  the  expenditures  and  burdens  imposed  by  this  latest 
sad  venture  of  the  State  in  business,  as  follows :  "Added  to  all 
of  this  is  the  loss  which  the  community  as  a  whole  has  suffered 
by  depreciation  or  stagnation  of  the  value  of  the  securities  of 
private  corporations  and  some  loss  of  returns  upon  the  funds 
invested  therein  by  citizens  of  the  Province ;  and  the  loss  of  the 
taxes  which  the  communities  could  have  secured  upon  the  in- 
creased values  accompanying  an  increased  business  of  these  cor- 
porations. If  all  these  elements  could  be  ascertained  and  their 
capitalized  value  determined,  it  would  result  undoubtedly  in 
figures  which  added  to  the  public  expenditures,  would  make 
the    resulting    service    afforded    through    the    Hydro-Electric 
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Commission  one  of  the  most  expensive  speculations  in  which 
the  people  of  a  State  have  ever  become  involved."  Allow- 
ing for  errors  of  judgment  it  may  be  asserted  that  a  system 
which  suspends  its  sinking  fund,  treats  the  element  of  deprecia- 
tion as  negligible  and  charges  various  costs  of  operation,  admin- 
istration and  maintenance  to  capital  account,  does  not  "put  it 
over"  on  private  hydro-electric  enterprises  which  may  also  have 
found  the  minus  qualities  of  profit  in  the  business  but  which  at 
least  bear  the  losses  themselves  and  do  not  throw  them  on  the 
whole  body  politic. 

All  this  leads  up  to  the  interesting  situation  in  New  York 
State,  where  along  some  of  the  lines  of  the  dismal  Canadian 
experiment,  it  has  been  proposed  since  last  this  Section  met  to 
plunge  the  Empire  State  into  a  vast  hydro-electric  development 
and  transmission  scheme  under  the  auspices  and  control  of  the 
State  Conservation  Commission.  It  would  be  hard  to  find  any- 
thing much  more  spectacular  and  glamorous  in  our  field.  The 
literature  of  the  Commission  some  people  would  be  inclined  to 
describe  as  having  been  written  by  an  optimistic  lunatic  living 
in  a  millennial  Utopia — ^with  its  promises  of  cutting  everybody's 
electrical  bills  in  half,  furnishing  electricity  practically  for  nothing 
in  the  remotest  wilds  of  the  Adirondacks,  and  giving  super- 
abundant employment  to  all  the  people  in  the  State — "and  then 
some."  How  such  extraordinary  documents  could  ever  get  out 
bearing  the  name  of  the  great  State  of  New  York  is  a  mystery 
and  hardly  short  of  a  scandal. 

At  the  last  session  of  the  New  York  Legislature  a  bill  was 
introduced  by  Senator  Bayne  providing  for  a  state-wide  scheme 
of  hydro-electric  development  and  high-tension  transmission 
under  State  ownership  and  operation,  for  the  purpose  of  selling 
electrical  energy  to  municipalities  and  the  public.  The  proposed 
act  was  introduced  as  an  amendment  to  Chapter  647  of  the  Laws 
of  191 1,  entitled  "An  act  relating  to  the  conservation  of  land, 
forests,  waters,  parks,  hydraulic  power,  fish  and  game,  constitut- 
ing Chapter  65  of  the  Consolidated  Laws."  It  was  proposed  to 
repeal  Article  VI  thereof  and  enact  a  new  article  in  its  place 
covering  the  general  project  just  mentioned.  The  provisions  of 
the  new  article  stipulated  the  general  powers  and  duties  of  the 
State  Conservation  Commission,  which  would  be  charged  with 
the  administration  of  the  scheme.    The  character  of  service  to 
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municipal  corporations,  contracts  for  distribution,  purchase  or 
construction  of  distribution  plants,  construction  of  transmission 
lines,  the  letting  of  constructnon  contracts,  appropriation  of 
property  and  other  allied  matters  were  covered  in  the  fourteen 
sections  of  the  act. 

The  joint  legislative  committee  named  to  investigate  the 
State's  water-power  resources  submitted  its  report,  recommending 
a  plan  for  conservation  and  utilization  diametrically  c^posite  to 
that  of  the  Conservation  Commission.  The  committee  declared 
that  it  would  be  impossible  for  the  State  of  New  York  to  develop 
a  sufficient  amount  of  hydraulic  power  to  make  any  appreciable 
impression  on  the  power  demands  of  the  State.  It  investigated 
the  plan  of  the  Hydro-Electric  Power  Commission  of  Ontario 
and  reported  that,  in  its  opinion,  measured  by  economic  and 
business  standards,  the  plan  could  not  be  a  success.  The  com- 
mittee pointed  out  that  there  is  within  the  State  a  daily  hydraulic 
constunption  of  over  2,000,000  hp.  and  that  to  deliver  this  at  the 

point  of  utilization  would  require  over  8,000,000  hp.  at  the  pen- 
stock. It  found  that  there  is  undeveloped  within  the  State  only 
1,196,800  hp.  of  which  262,700  hp.  is  actually  owned  by  the 
State,  the  rest  being  claimed  by  private  owners.  The  committee 
declared,  regarding  the  Hydro-Electric  Power  Commission  of 
Ontario,  that  it  has  never  developed  any  water  power  but  has 
acted  merely  in  the  capacity  of  middleman  in  the  mechandising 
of  electrical  energy:  that  it  furnishes  electricity  to  the  muni- 
cipalities below  cost :  that  if  the  same  methods  were  applied  as 
are  employed  in  business  transactions  of  a  similar  nature  there 
would  be  an  annual  loss  of  at  least  $432,170,  and  that  in  addition 
to  this  loss  to  the  Province  the  local  distribution  systems  of  the 
municipalities  would  also  show  a  loss.  It  is  claimed  that  the 
municipal  system  of  Toronto  showed  a  net  loss  to  June  jo,  1912, 
of  $268,984. 

This  disposal  of  a  state-wide  \nsionary  project  narrowed  the 
scheme  dow^i  to  a  utilization  of  the  prospective  development  of 
water  power  on  the  Xew  York  State  barge  canal  at  the  Crescent 
and  Vischer's  Ferr>'  dams,  for  the  benefit  of  Albany  and  adjacent 
territory,  a  scheme  to  which  the  State  Legislature  oommitted 
itself  while  this  Report  was  going  through  the  press.  But  it  is 
not  unwise  here  to  put  on  record  as  practical  prophecy  the  illumi- 
nating  analysis  of  the  project  made  by  the  Public  Pblicy  Commit- 
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tee  of  this  Association  through  its  able  chairman,  Mr.  Arthur 
Williams.  The  document  is  one  to  which  in  future  years  the 
Association  and  Section  will  be  able  to  "point  with  pride"  for  its 
scientific  linking  of  conservation  with  the  conservatism  that  pro- 
tects what  is  already  conserved. 

This  analysis  points  out  that,  although  the  Commission's 
engineers  propose  developing  from  12,000  to  36,000  hp.,  an 
actual  survey  of  the  water  conditions  show  that  12,000  hp. 
would  be  available  only  175  days  of  the  year,  owing  to  periodic 
low  water  and  excessive  flow.  For  a  maximum  yearly  capacity 
the  supply  can  be  relied  upon  for  only  6000  hp.,  which  is  equiva- 
lent to  less  than  4000  hp.  delivered  at  the  consumers'  premises. 

For  this  initial  development  the  Commission  proposed  to 
spend  $625,000.  Placing  interest  at  4  per  cent  sinking  fund  at 
I  per  cent,  depreciation  at  6  per  cent  and  loss  of  taxes  at  1.5  per 
cent,  the  total  annual  fixed  charge  reaches  12.5  per  cent.  The 
annual  cost  of  the  development  omitting  labor,  repairs  and  sup-* 
plies,  therefore  becomes  $78,000,  or  more  than  $19  for  each 
hp-year  available  to  the  customers.  These  figures  include  only 
cost  of  transmission  and  omit  the  distribution  plant  in  cities 
to  be  supplied. 

Although  costing  $19  per  hp-year,  it  is  proposed  to  sell 
this  hydro-electric  energy  in  the  capital  district  for  $7  or  $7.50 
per  hp-year.  In  addition  to  this,  as  a  member  of  the  Conservation 
Commission  has  publicly  advocated,  it  is  the  intention  to  build 
a  large  steam  plant  to  supplement  the  water  power.  For  this 
steam  plant  an  investment  of  at  least  a  million  dollars  would  be 
required.  Including  distribution  expenses  the  fixed  charge  per 
hp-year  at  once  amounts  to  $40,  including  nothing  for  labor, 
supplies,  repairs  or  steam-plant  fuel. 

The  barge  canal  was  built  entirely  from  State  funds,  the 
presentation  goes  on  to  state,  so  that  therefore  it  is  less  than 
equitable  that  the  facilities  obtained  at  such  large  cost  should  be 
appropriated  by  and  devoted  to  cheapening  the  power  service  of 
a  comparatively  few,  thus  placing  local  manufacturers  in  the 
favored  district  in  a  position  of  controlling  advantage.  The 
Committee  points  out  that  since  the  dams  belong  to  the  public, 
any  income  derived  therefrom  should  be  devoted  to  the  entire 
State,  for  the  reduction  of  general  taxation,  which  means  that 
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the  privileges  should  be  sold  publicly,  and  without  any  favoritism, 
to  the  highest  bidder. 

Enormous  sums  of  money  are  already  invested  in  the  State's 
public  utility  corporations,  whose  services  generally  are  adequate 
and  their  prices  reasonable.  More  than  $1^200,000,000  of  private 
capital  is  now  invested  in  the  utilities  of  the  State,  returning  about 
$18,000,000  to  the  general  welfare  of  the  commonwealth.  In 
conclusion  the  Committee  points  out  that  for  the  $625,000  appro- 
priation asked  it  is  proposed  to  develop  hardly  more  power  in  the 
capital  district  than  is  required  by  one  of  the  larger  single  office 
buildings  in  New  York  City.  This  would  be  developed  at  a 
loss  to  the  entire  citizenship,  in  credit  upon  their  taxes  and  in 
additional  loss  through  increased  taxes  to  make  up  deficiencies 
in  the  proposed  service,  while  there  would  be  set  in  motion  a 
policy  which  cannot  but  be  most  destructive  to  the  State's  great 
vested  interests. 

Our  Public  Policy  Committee  recommended  that,  instead  of 
the  proposed  measure,  legislation  be  enacted  if  necessary  to 
permit  the  sale  of  this  and  other  State  water  powers  (or  at  least 
this  power  as  an  experiment)  at  public  auction,  to  the  highest 
bidder,  or  their  lease  upon  the  most  favorable  terms,  using  as  a 
minimum  those  adopted  by  the  national  government,  and  with 
the  understanding  that  the  operator,  whoever  he  may  be,  shall 
be  subject  to  the  lawful  control  of  the  Public  Service  Commission. 

The  rest  of  this  incident  will  be  history,  as  sad  and  squalid 
as  that  of  the  Ontario  experiment. 

ONE  OR  TWO    POLE  LINE  DECISIONS 

In  view  of  the  wide  areas  of  country  covered  by  transmis- 
sion circuits,  and  the  complex  nature  of  many  of  the  new  ques- 
tions and  problems  introduced  by  working  at  high  potentials,  it  is 
a  matter  for  felicitation  that  in  reality  so  few  disputes  and  diffi- 
culties have  arisen  from  the  clashing  of  different  interests,  each 
with  a  legitimate  business  to  develop  and  protect,  each  with 
good  reasons  for  what  it  believes  to  be  a  sound  policy  to  pursue. 
One  of  the  chief  of  the  troubles  has  been  due  to  the  disturbances 
caused  on  telephone  circuits  by  induction  from  neighboring  high- 
voltage  ciraiits;  while  there  has  been  the  incidental  "hazard" 
due  to  the  exposure  of  low-tension  circuits  in  general  to  our 
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high-tension,  high-energy  transmission  systems.  Obvious  prin- 
ciples in  the  treatment  of  these  problems  have  gradually  emerged, 
thanks  largely  to  the  work  done  through  conference  by  the 
Overhead  Line  Construction  Committee  of  the  N.  E.  L.  A., 
but  disputes  have  continued,  and  in  such  a  progressive  industry 
controversies  may  always  arise.  Herewith  are  noted  one  or  two 
pole  line  decisions  of  more  than  usual  interest  in  this  respect. 

One  case  is  that  of  the  Bell  telephone  interests  in  Illinois 
against  the  Springfield  and  Northeastern  Traction  Co.,  as  to  the 
right  to  overbuild  an  existing  telephone  or  telegraph  line  with  a 
parallel  high-tension  transmission  circuit  on  the  same  right  of 
way.  The  case  was  decided  for  the  plaintiff  in  the  chancery 
division  of  the  Circuit  Court  of  Logan  County  last  year,  although 
the  dispute  arose  in  1907.  At  that  time  the  traction  company, 
one  of  the  members  making  up  the  Illinois  Traction  System,  com- 
menced to  build  its  road  through  Lincoln,  forming  part  of  a 
continuous  route  from  Peoria,  111.,  to  Springfield,  111.,  and  points 
south.  The  single-phase  traction  system  was  employed,  with 
catenary  construction  supported  from  span  wires  and  a  trolley- 
wire  pressure  of  3300  volts  at  25  cycles.  On  one  of  the  lines  of 
poles,  at  the  street  curb,  there  was  carried  a  33,000-volt,  3-phasc 
transmission  circuit  and  sundry  low-tension  wires  for  signaling 
and  communicating  purposes.  At  the  southern  outskirts  of  the 
city  there  was  a  transformer  substation,  similar  to  a  number  of 
others,  receiving  energy  over  the  main  transmission  circuit  from 
Peoria  or  Riverton,  111.,  or  both.  For  a  distance  of  about  700 
ft.  in  one  of  the  principal  streets  the  line  of  65-ft.  wooden  poles 
supporting  both  the  span  wires  and  the  high-tension  circuit  was 
set  in  line  with  the  poles  of  the  telephone  company,  so  that  the 
33,000-volt  line  was  about  14  ft.  above  the  telephone  wires  and 
parallel  to  them.  The  traction  company's  poles  were  of  chest- 
nut set  7  ft.  in  the  ground,  surrounded  by  10  in.  of  concrete ;  the 
butt  diameter  was  from  12  in.  to  15  in.,  and  the  top  was  7  in.  to 
8  in.  Each  pole  carried  three  2-in.  by  4-in.  fir  cross-arms,  one 
10- ft.  arm  for  the  high-tension  circuit  and  two  shorter  arms  for  the 
signal  and  telephone  circuits.  The  transmission  wire  was  No.  2 
B.  &  S.  gauge  bare  copper,  tied  to  pin-type  porcelain  insulators 
with  three  and  a  half  turns  of  No.  6  B.  &  S.  gauge  wire.  The 
cross-arm  braces  were  held  to  the  arm  by  bolts  and  to  the  pole  by 
a  lag  screw.    In  several  places  the  poles  of  the  traction  com- 
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pany  were  in  contact  with  the  wires  of  the  telephone  com- 
pany. On  September  23,  1907,  the  traction  company's  construc- 
tion in  the  vicinity  was  completed.  During  the  middle  of  190^ 
however,  the  traction  company  abandoned  die  high-tension  system 
in  dispute  and  substituted  everywhere  the  good  old-fashioDed 
Oocyvolt  direct-current  system. 

Judge  Harris  in  his  opinion  filed  on  August  8,  described 
both  complainant  and  defendant  as  public-service  corporations 
differing  only  in  prior  authority  and  occupation  of  street  The 
opinion  stated  that  the  construction  of  the  telephone  line  was 
such  that  the  respondent  could  not  complain  of  it,  and  from  all 
the  evidence  of  all  the  witnesses  no  protective  device  could  be 
used  in  telephone  construction  which  would  saf^^uard  it  against 
a  presstu'e  of  33,000  volts  or  anything  like  it.  After  considering 
the  question  of  the  Court's  jurisdiction,  the  opinion  goes  on  to 
state  that  "so  far  as  concerns  the  respondent  the  complainant 
was  occupying  Chicago  Street  between  Broadway  and  Clinton 
Street,  not  with  any  exclusive  franchise,  not  with  any  amotmt  of 
space  to  be  measured  and  set  off  to  it,  but  with  the  right  as 
against  the  respondent  to  occupy  so  much  of  the  street  as  W2S 
necessary  for  the  successful  operation  of  its  business."  A  litde 
further  on  the  opinion  says:  '*The  thing  to  be  guarded  against 
by  respondent  in  the  construction  of  its  line  under  the  law,  as 
I  understand  it,  is  such  an  interference  as  will  prevent  the  prac- 
tical operation  of  the  telephone  system." 

The  remainder  of  the  opinion  dealt  with  the  question  of 
whether  the  respondent  had  so  interfered  with  the  rights  of 
the  complainant,  considering  alone  the  transmission  line,  that 
an  injunction  should  be  issued.  Again  the  Court  stated  that  the 
respondent's  duty  was  to  use  every  reasonable  safeguard  to  pre- 
vent accidents.  Moreover,  the  Court  regarded  the  evidence  as 
showing  beyond  dispute  that  with  any  of  the  construction 
flescribed  in  the  evidence  accidents  occur  from  such  high-tension 
lines.  Telephone,  telegraph,  electric  light  and  power  lines  arc 
not  immune  to  decay  or  destruction  caused  by  the  elements.  The 
evidence  preponderated  also  on  the  proposition,  in  the  Court's 
judgment,  that  high-tension  lines  crossing  over,  under  or  paral- 
leling  low-tension  lines  introduce  an  element  of  danger  which 
otherwise  does  not  exist,  demanding  extra  precautions  in  the 
way  of  shorter  spans,  extra  cross-arms  and  the  use  of  screens 
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or  cradles.  The  judge  recognized  that  cradles  impose  an  extra 
burden  on  the  line  and  tend  to  cause  other  trouble,  but  regarded 
them  as  necessary  and  pointed  out  that  they  were  in  use  even  by 
the  respondent.  The  opinion  then  concluded  as  follows :  "There- 
fore I  find  from  the  evidence  that  the  construction  of  the  trans- 
mission line  of  respondent  upon  Chicago  Street  between  Broad- 
way and  Qinton  Street  in  the  City  of  Lincoln  is  not  the  best, 
most  approved  and  modem  construction.  While  practicable,  it 
was  not  necessary  to  the  successful  operation  of  the  railroad  to 
be  so  located,  but  located  by  election  of  respondent  under  lawful 
authority  and  is  a  right  belonging  to  respondent  which  the  Court 
will  not  set  aside  or  order  removed  provided  the  respondent 
recognizes  the  rights  belonging  to  complainant,  to  be  by  respon- 
dent protected,  provided  and  equipped  with  the  safeguard  to  min- 
imize the  dangerous  and  hazardous  conditions  that  nQw  exist. 
Injunction  will  be  granted  as  prayed  for  in  the  bill,  except  as 
modified  by  these  conclusions.** 

In  like  manner  a  decision  was  handed  down  about  the 
same  time  by  a  Court  in  Iowa  in  favor  of  the  Mills  County  Tele- 
phone Co.  and  the  Iowa  Telephone  Co.,  which  were  decreed  to 
be  lawful  prior  occupants  of  the  highway,  as  against  a  high-ten- 
sion system  coming  in  later  which,  Jt  was  held,  interfered  with 
and  endangered  the  telephone  lines  and  the  telephone  users. 
The  high-tension  circuits  were  built  above  and  parallel  to  the 
telephone  lines  at  three  different  locations  for  a  total  distance 
of  I  1/3  miles.  The  defendants,  a  construction  company,  were 
ordered. to  remove  at  their  cost  the  telephone  lines  to  the  other 
side  of  the  road  without  interruption  of  the  service.  The  deci- 
sion then  set  forth  that  the  high-tension  line  crosses  the  tele- 
phone lines  at  eleven  locations  and  ordered  that  the  defendents 
should  reconstruct  their  line  so  as  to  provide  for  and  maintain: 

(i)  "A  vertical  clearance  over  plaintiffs*  lines  of  not  less 
than  eight  (8)  feet.  But  where  practical  in  the  judgment  of 
plaintiff*s  division  engineer,  plaintiffs  will  consent  to  defendants 
doing  the  work  of  lowering  plaintiff's  wires  to  aid  in  obtaining 
said  clearance.  But  in  no  case  shall  plaintiffs'  wires  be  placed 
lower  than  18  ft.  above  crown  of  adjacent  highway. 

(2)  "All  high-tension  crossings  to  be  above  telephone  lines 
at  all  points. 
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(3)  "Poles  supporting  the  crossing  span  and  the  adjoining 
ypan  on  each  side  of  said  crossing  span  shall,  where  practical,  be 
in  a  straight  alignment. 

(4)  "Poles  supporting  crossing  spans  shall  be  side-guyed  k 
both  directions  at  right  angles  with  high-tension  line  whercw 
practicable  and  be  head-guyed  away  from  the  crossing  span. 

(5)  "All  anchors  shall  be  iron  at  least  J4  in.  in  diameter; 
all  guy  wires  to  be  of  5/16-in.  stranded  steel  wire. 

(6)  "All  poles  supporting  crossing  spans  shall  be  doubk- 
armed — arms  to  be  provided  with  metal  plate  and  ground  win 
sufficient  to  carry  the  short-circuit  capacity  of  the  high-tension 
current  on  said  lines. 

(7)  "The  wire  in  crossing  spans  shall  be  stranded,  equal 
in  size  to  a  No.  4  B.  &  S.  gauge  wire.  Or  5/16-in.  stranded 
wire  may  be  used  at  defendants'  option,  and  said  wires  shall  be 
dead-ended  on  insulators  on  the  cross-arms  supporting  crossing 
spans. 

(8)  "All  poles  supporting  crossing  spans  shall  be  sound 
and  of  sufficient  size  and  strength  to  sustain  J4'.  in.  of  sleet  per 
wire  with  wind  blowing  50  miles  per  hour.  The  parties  to  this 
proceeding  shall  inspect  all  crossing  poles  and  any  rejected  as 
insufficient  by  two  engineers  of  plaintiffs  shall  be  replaced  by 
defendants  within  60  days  by  sound  poles  not  less  than  7  in.  in 
diameter  at  top  and  36  in.  in  circumference  at  a  point  6  ft 
from  butt  of  pole. 

(9)  "All  new  pins  in  crossing  spans  shall  be  of  selected 
locust. 

(10)  "All  of  the  changes  herein  specified  to  be  made  by 
defendants  at  their  own  expense  and  in  a  first-class  workman- 
like manner,  defendants  furnishing  all  labor  and  material  at  their 
own  expense." 

The  plaintiffs  also  received  judgment  against  the  defendants 
for  the  costs  of  the  case. 

A  FEW  ENGINEERING  ASPECTS  OF  PRCXtRESS 

There  is  little  need  for  this  Committee  to  go  into  engineering 
details  of  progress,  as  these  are  covered  in  the  admirable  reports 
presented  by  a  number  of  special  committees  on  various  branches 
of  Ihc  subject  as  noted  in  the  program.    Perhaps  a  few  references 
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and  citations  may  be  made  with  benefit,  and  no  better  introduc- 
tion could  be  asked  for  than  the  recent  comments,  on  the  situation 
by  President  Mershon,  of  the  American  Institute  of  Electrical 
Engineers :  "The  highest  transmission  voltage  put  into  practical 
operation  during  the  last  year  is  140,000  volts.  This  is  the 
voltage  now  regularly  employed  on  the  lines  of  the  Au  Sable 
Electric  Company  in  Michigan.  The  highest  projected  voltage 
is  150,000  volts,  for  which  the  lines  of  the  Pacific  Light  &  Power 
Corporation  are  being  constructed.  Although  the  value  of  volt- 
age, in  conmion  with  other  considerations  affecting  the  transmis- 
sion line,  is  usually  fixed  by  economic  considerations,  there  is 
one  element  in  connection  with  all  transmission  lines,  whether 
high  voltage  or  low  voltage,  not  ordinarily  considered  as  being 
strictly  subject  to  economic  limitations  alone.  This  is  the  matter 
of  interruptions  due  to  lightning.  Strictly  speaking,  this  question 
is  also  determined  by  economics.  Because  if  we  chose  to  spend 
a  sufficient  amount  of  money  on  an  installation  it  would  be  pos- 
sible to  make  it  immune  to  atmospheric  disturbances.  To  do 
this  in  the  case  of  a  long  high-voltage  transmission  would  mean 
such  an  enormous  first  cost  as  to  be  entirely  prohibitive.  So 
it  might  be  considered,  in  view  of  the  enormous  cost  involved, 
that  these  costs  themselves  compel  the  classing  of  the  problem 
as  a  physical  one  instead  of  an  economic  one.  That  is,  it  may 
be  considered  that  such  drawbacks  as  still  exist  in  the  art  of 
transmission  due  to  atmospheric  disturbances  are  drawbacks 
which  from  practical  considerations  must  necessarily  be  overcome, 
not  by  an  enormous  increase  in  first  cost,  but  by  some  solution 
having  to  do  more  directly  with  physical  conditions — ^by  some 
solution  having  mainly  to  do  with  the  working  out  of  a  problem 
in  the  arrangement  of  transmission  lines^  or  the  insulation  of 
transmission  lines,  or  both — and  which  is,  therefore,  more  im- 
mediately physical  in  its  nature  and  does  not  gjeatly  involve?  the 
relation  between  cost  and  the  result  obtained. 

"While  this  physical  problem  of  procuring  for  transmission 
lines  practical  immunity  against  atmospheric  disturbances  in- 
volves in  some  measure  the  arrangement  and  disposition  of  the 
lines,  the  present  tendency  is  to  consider  it  more  a  problem  of 
insulation  and  its  accessories.  This  is  shown  in  the  investigations 
that  are  now  beginning  to  be  actively  taken  up  with  relation  to 
the  effect  on  insulators  of  such  electrostatic  stresses  as  may  be 
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met  as  the  result  of  lightning;  in  the  study  that  is  being  made 
as  to  the  relative  effectiveness  of  insulators  when  subjected  to 
voltages  at  ordinary  commercial  frequencies  and  to  the  same 
voltages  at  frequencies  approximating  those  which  we  are  led  to 
believe  exist  in  the  case  of  many  lightning  disturbances. 

'It  has  long  been  known  that  insulators  which  would  flash 
over  at  ordinary  frequencies,  rather  than  puncture,  are  often 
punctured  on  a  transmission  line  by  lightning  disturbances 
without  any  evidence  of  accompanying  flash-over.  In  other 
words,  there  seems  to  be  no  question  that  there  is  some  very 
considerable  difference  in  the  condition  which  exists  when  an 
insulator  is,  on  the  one  hand,  subjected  to  a  given  voltage  at  a 
commercial  frequency  and  when,  on  the  other  hand,  it  is  sub- 
jected  to  the  same  voltage  at  an  enormously  greater  frequency. 
Or,  to  put  the  matter  in  a  little  more  exact  language,  the  behavior 
of  insulators  when  subjected  to  a  difference  of  potential  whose 
rate  of  change,  or  steepness  of  wave  front,  approximates  those 
which  are  met  with  in  conmiercial  work,  is  quite  difiEerent  from 
the  behavior  of  the  same  insulator  when  subjected  to  a  difference 
of  potential  whose  rate  of  change  is  enormously  greater  than 
that  normally  impressed  upon  the  line. 

'The  results  obtained  so  far  seem  to  point  to  the  possibility 
of  obtaining  insulators  which  will  meet  that  condition  usually 
considered  most  desirable  for  enabling  them  to  withstand  light- 
ning disturbances;  that  is.  that  of  always  withstanding  the 
tendency  to  puncture  to  such  an  extent  as  will  force  the  abnormal 
voltage  to  flash  over  the  insulator  instead  of  going  through  it 
If  this  condition  of  affairs  could  always  be  insured,  we  might 
have  a  line  practically  immune  to  every  condition  save  that  of 
malicious  interference.  Because,  if  we  could  be  sure  that  the 
insulator  would  always  flash  over  and  never  puncture,  it  is  com- 
paratively easy,  at  relatively  small  additional  expense,  to  make 
such  provision  as  will  insure  the  insulator  against  harm  by  the 
power  arc  following  such  flash-over. 

'The  direction  in  which  the  greatest  progress  to-day  can  be 
made  in  the  art  of  high-voltage  power  transmission  is  that  indi- 
cated above.  Undoubtedly  the  greatest  desideratum  at  the  present 
time  is  an  insulator  which  will  always  flash  over,  rather  than 
puncture,  under  any  voltage  to  which  it  may  be  subjected,  and 
will  not  be  damaged  by  a  flash-over.    As  a  secondary  matter,  it 
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is  desirable  that  the  power  arc  following  a  flash-over  should  not 
interrupt  the  service  rendered  by  the  transmission  system,  but 
as  previously  mentioned,  means  are  now  available  by  which  such 
interruption  can  be  almost  entirely  insured  against.  The  need, 
therefore^  is  only  for  an  insulator  which  will  never  puncture  and 
which  will  not  be  injured  by  the  power  arc  following  a  flash-over 
during  such  period  of  time  as  may  elapse  from  the  time  the 
power  arc  starts  to  the  end  of  the  very  short  period  of  time  during 
which  the  auxiliary  apparatus  referred  to  has  had  an  opportunity 
to  suppress  the  arc. 

"The  tendency  is  more  and  more  toward  installing  high-volt- 
age apparatus  outdoors.  Undoubtedly  the  time  will  come  when  all 
high  voltage  apparatus  whatsoever  will  be  so  installed.  There 
is  no  good  reason,  either  logical  or  flnancial,  for  going  to  the 
expense  of  bringing  a  high-voltage  terminal  through  the  metallic 
case  of  a  transformer  or  switch  of  which  it  is  a  part  and  then  going 
to  a  similar  expense  to  bring  the  same  terminal  out  through  the 
wall  or  roof  of  the  building  housing  the  apparatus.  A  terminal 
built  to  withstand  the  weather  might  just  as  well  be  put  on  the 
metallic  tank  in  the  first  place  and  the  apparatus  placed  out  of 
doors,  thus  saving  not  only  the  insulating  bushing  but  practically 
all  of  the  building  as  well,  since  with  such  an  arrangement  no 
protection  is  necessary  save  that  for  switchboard  panels  and 
operators." 

In  the  way  of  increasing  efficiency  note  may  be  made  of  tests 
reported  within  the  last  month  or  two,  on  a  pair  of  6000  hp.  water 
turbines.  Such  turbines  seldom  show  efficiencies  exceeding  85 
per  cent,  and  at  anything  but  the  most  advantageous  gate  opening 
80  per  cent  is  not  an  uncommon  figure.  The  wheels  in  this  test 
operated  under  a  head  of  49  ft.  They  are  large  vertical-shaft 
turbines  and  therefore  obtain  some  advantage  in  the  matter  of 
friction.  The  performance  shown  by  the  wheels  was  remarkable. 
The  maximum  efficiency  rose  to  between  93  and  94  per  cent  and 
remained  above  90  per  cent  from  about  80  per  cent  load  up  to 
full  load,  after  which  it  dropped  off  rapidly.  The  rise  in  effi- 
ciency toward  this  maximum  was  extremely  steady  and  the  wheels 
passed  80  per  cent  efficiency  at  half  load.  Great  care  seems  to 
have  been  taken  in  the  test  to  eliminate  sources  of  error  in  the 
weir  measurement.  The  results  obtained  seem  to  be  attributable 
to  very  careful  design  and  manufacture  helped  out  by  skill  in 
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placing  the  wheels.  In  arranging  the  draft  tubes  particular  care 
was  taken  to  avoid  as  far  as  possible  the  eddies  which  are  known 
to  have  a  serious  eiFect  on  turbine  eflSciency.  The  importance 
of  these  minor  details  is  shown  in  the  slight  but  very  plain  differ- 
ence observable  in  the  tests  of  two  similar  turbines.  The  one 
that  gave  the  lower  efficiency  discharged  slightly  to  one  side  of 
the  tailrace,  producing  some  eddies,  and  these  seem  to  be  apparent 
to  the  extent  of  i  or  2  per  cent  in  the  efficiencies  obtained. 

The  resort  to  larger  and  larger  water-driven  units  is  illus- 
trated this  year  in  the  19,000  bp.  hydro-generators  installed  in 
the  Pirahy  station  to  supply  Rio  de  Janeiro.  Two  units  of  this 
capacity  have  been  installed,  the  generators  being  of  American 
Westinghouse  make  and  the  turbines  and  governors  of  Eschcr- 
Wyss  construction  from  Switzerland.  The  installation  is  an 
interesting  one.  The  power  station,  which  has  been  in  operation 
since  1907,  is  situated  on  the  River  Lages  about  50  miles  from 
Rio.  Three-phase  energy  is  generated  at  6000  volts  and  50  cycles, 
the  e.ni.f.  being  stepped  up  to  80,000  volts  for  transmission.  The 
equipment  in  operation  prior  to  the  installation  of  the  two  19,- 
ooo-hp.  units  consisted  of  six  8700-hp.  impulse-wheel  units  and 
three  200-kw.  exciter  sets,  two  of  the  latter  being  operated  by 
Pelton  wheels  and  one  being  motor-driven. 

The  River  Lages  has  a  drainage  area  of  193  sq.  miles  with 
an  average  rainfall  of  59  in.  a  year.  The  river  descends  in  a 
series  of  rapids,  and  falls  nearly  1000  ft.  in  a  distance  of  only 
a  few  kilometers.  A  dam  at  the  top  of  the  falls  forms  a  reservoir, 
with  an  average  level  of  1323  ft.  above  the  sea.  The  power 
station  is  built  308  ft.  above  the  sea  level,  so  that  the  g^oss  head 
available  for  the  turbines  is  1015  ft. 

Water  was  conveyed  from  the  dam  to  the  power  house  by 
pipe  lines  in  two  sections,  consisting  of  two  upper  low-pressure 
lines,  one  receiver  pipe  and  six  lower  high-pressure  lines.  At 
the  time  the  new  units  were  installed  two  high-pressure  pipe  lines 
were  added.  The  diameter  of  the  low-pressure  pipes  is  8  ft  and 
that  of  the  high-pressure  pipes  3  ft.  The  lines  are  fitted  vnth 
relief  pipes.  The  high-pressure  pipes  for  the  new  turbines  are 
divided  into  three  sections  having  diameters  of  56  in.,  54  in.  and 
52  in.  respectively.  Relief  pipes  400  ft.  long  are  installed.  The 
gross  head  available  at  the  turbines  is  1015  ft.,  which  is  reduced 
by  pipe  friction  losses  to  an  equivalent  of  925  ft. 
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The  power  plant  of  the  Mississippi  River  Power  Company 
now  in  course  of  construction  at  Keokuk,  la.,  and  to  be  described 
during  this  Convention  by  Mr.  Hugh  L.  Cooper,  will  ultimately 
contain  thirty  io,ooo-hp.  generating  units.  At  the  maximum 
head  of  39  ft.  the  output  will  be  approximately  14,000  hp.  per 
unit.  The  water-wheels  are  of  the  single-runner  type  operating 
at  57.7  rev.  per  min.  They  are  directly  connected  to  vertical, 
low-speed  generators.  The  thrust  bearings  are  a  combination 
roller  and  oil-pressure  bearing.  As  the  total  weight  of  the  unit 
which  each  of  these  bearings  has  to  support  is  275  tons,  the 
importance  of  the  oil  supply  is  very  apparent.  The  oil  is  pumped 
to  the  bearings  by  means  of  triplex  pressure  pumps  made  by 
the  Goulds  Manufacturing  Co.,  of  Seneca  Falls,  N.  Y.  It  is  sup- 
plied at  a  pressure  of  250  lb.  per  sq.  in.,  which  is  sufficient  to 
lift  the  unit  so  that  it  floats  on  the  oil  and  relieves  the  rollers 
of  the  load.  The  pumps  have  6j/2-in.  cylinders  and  8-in.  stroke. 
They  are  operated  by  chain  drive  from  a  line  shafting. 

As  compared  with  these  water-power  units,  the  steam  units 
still  hold  the  first  place  in  magnitude  and  capacity,  as  well  as 
voltage.  The  largest  unit  in  the  world  was  ordered  while  this 
Report  was  in  preparation  by  the  Commonwealth  Edison  Co.,  of 
Chicago,  from  the  (General  Electric  Co.  The  unit  will  be  a 
30,000-kw.  horizontal  turbo-generator  to  be  placed  in  the  North- 
west generating  station.  It  will  be  delivered  about  July  i,  I9I4, 
The  exciter  will  be  installed  on  the  shaft  of  the  machine,  and  the 
length  of  the  unit  over  all  will  be  60.5  ft.  The  width  will  be 
18  ft.  4  in.  and  the  height  14  ft.  The  generator  will  be  a  9000- 
volt,  25-cycle,  3-phase  machine.  It  is  to  be  operated  at  a  speed 
of  1500  rev.  per  min.  and  is  designed  for  an  output  of  1925 
amp.  per  phase.  The  turbine  will  be  operated  at  a  steam  pres- 
sure of  230  lb.  with  a  supertemperature  of  200  deg.  fahr.  The 
weight  of  the  entire  unit  will  be  about  1,000,000  lb. 

We  have  had  one  instance  in  this  country,  at  the  Snoqualmie 
Falls,  Wash.,  of  a  subterranean  generating  plant,  but  while  it  is 
still  in  successful  operation,  the  verdict  against  it  is  shown  in 
the  later  construction  at  the  same  spot,  abandoning  the  cave  idea, 
and  placing  the  entire  outfit  above  ground  from  forebay  to 
tailrace,  so  that,  to  say  nothing  of  the  initial  economies,  every- 
thing can  be  seen  in  the  light  of  day  and  can  be  got  at  swiftly. 
Attention  has,  however,  been  called  quite  recently  to  a  similar 
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plant  in  Sweden,  where  a  65,000-hp.  system  utilizes  at  Mock- 
fjord  the  Stop  Rapids;  and  the  cave  dweller  idea  thus  persists. 
The  wheel  chambers,  blasted  into  the  rock,  have  a  steel  lining 
back-filled  with  concrete,  and  are  of  a  cylindrical  shape  21.3  ft  in 
diameter.     Four  double-runner  Francis  turbines,  each  rated  at 
5100  hp.  at  225  rev.  per  min.,  are  mounted  in  a  horizontal  posi- 
tion at  the  bottom  of  these  chambers,  with  the  shaft  centen 
24  ft.  above  the  lowest  tailrace  level.    Two  wheels  discharge 
into  the  same  tailrace  tunnel.    These  tunnels  are  about  5000  ft 
long  with  a  322.8  sq.  ft.  cross-sectional  area.    At  a  distance  of 
164  ft.  from  the  turbines  there  are  large  pockets  in  the  roof,  each 
of  about  2000  cu.  yd.   These  pockets  are  interconnected  and  pro- 
vided with  vertical  shafts,  the  object  being  to  prevent  water 
hammer.     So  far  this  arrangement  works  satisfactorily.    The 
wall  between  the  generator  room  and  the  wheel  chamber  has  a 
minimum  thickness  of  18  ft.  and  consists  mainly  of  the  natural 
rock  formation.    The  generator  room  is  31  ft.  wide  and  105  ft. 
long.     It  has  an  arched  reinforced  concrete  roof.     The  maximum 
height  of  the  room  is  29.5  ft.    An  inclined  tunnel  serves  as  a 
communication  between  the  subterranean  generator   room  and 
the  transformer  house.     In  the  bottom  of  this  tunnel  there  arc 
ducts  for  cables  and  fresh  air.    The  tunnels  and  the  shafts  arc 
lined  with  reinforced  concrete.     From  the  wheel  chambers  sted 
tubes,  4.26  ft.   in  diameter  and  backfilled  with   concrete,  lead 
through  the  rock  into  the  generator  room.    Through  these  tubes, 
the  diameters  of  which  have  been  made  as  small  as  possible  in 
order  to  preserve  the  rock,  are  taken  the  turbine  and  rocker  ring 
shafts,  spaced  2.5  ft.  center  to  center.    The  single  rocker  ring 
shaft  is  in  the  wheel  chamber  parted  in  two  shafts  placed  dia- 
metrically opposite  each  other  along  the  turbine. 

»  The  governors  are  belt-driven  from  the  turbine  shafts  and  all 
parts  are  mounted  on  the  same  bedplate.  They  are  provided 
with  hydraulically  and  mechanically  operated  hand-controlled, 
gate-setting  devices.  Small  electric  motors,  controlled  from  the 
switchboard,  are  provided  for  synchronizing  the  units.  The  gen- 
erating equipment  consists  of  four  4500-kv-a.,  6600-volt,  s-phase 
units  operating  at  225  rev.  per  min.  and  60  cycles.  They  are 
totally  inclosed  and  provided  with  intake  and  outlet  for  cooling 
air.  The  warm  air,  liberated  from  the  top  of  the  generators, 
rises  through  a  vertical  shaft  to  the  pump  and  fan  house  directly 
above. 


c  Line  construction  has  necessarily  received  a  good  deal  of 
attention  during  the  year,  as  will  be  found  frompther  Reports. 
As  an  example  may  be  instanced  the  data  from  the  committee 
on  electrical  transmission  of  the  Ohio  Electric  Light  Association, 
conxprising  information  as  to  a  number  of  lines  operating  at  from 
6600  to  33,000  volts  in  Ohio,  Indiana  and  Kentucky.  The  Com- 
mittee reported  that  the  pracjtical  working  radius  of  23po-yolt 
transmission  is  very  limited,  being  about  one  mile  for  25  cycles 
and  3700  ft.  for  60  cycles,  when  the  wire  is  loaded  to  its  carrying 
capacity  and  the  pressure  drop  is  10  per  cent.  The  transmission- 
line  design  centers  on  the  operating  voltage.  A  good  rule  is 
1000  yolts  per  mile  of  line.  For  e^^ample,  a  67mile  Jine  would 
require  6000  volts.  The  usual  spacings  n\ay  b,e  8i;immanzq4  ^s 
follows : 


Volu 

Minimum  Spacinfr, 
Inches 

Maximum  Spacin^f, 
Inches 

6,600 
13,200 

22,000 

33.000 

18 

36 
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The  greater  the  number  of  provisions  against  lightning  the 
better  the  possibility  for  uninterrupted  service.  The  aluminum- 
cell  arrester  has  proved  very  efficient.  It  not  only  affords  a  path 
to  ground  for  lightning  but  aids  in  removing  all  internal  line  dis- 
turbances. However,  this  arrester  has  a  serious  disadvantage  in 
the  necessity  for  charging  it  each  day,  thus  making  its  efficacy 
dependent  on  the  operator.  The  multi-gap  arrester  also  relieves 
surges  and  is  found  very  effective  up  to  13,200  volts.  Ground 
wir6  is  best  placed  at  the  top  of  the  line  structure  so  that  it  has 
a  shade  angle  of  45  deg.  to  the  outside  conductors.  It  may  be  a 
^-in.  stranded  galvanized  plow  steel  or  bimetallic  wire.  Such  a 
ground  wire  is  good  for  mechanical  reasons,  for  it  ties  the 
tctps  of  the  structures  together,  thereby  adding  strength  to  the 
construction.  The  ideal  construction  comprises  ground  wires 
at  the  highest  points  of  the  poles  and  aluminum-cell  arresters 
At  both  ends  of  the  line  and  in  the  center.  It  would  seem  that 
What  the  art  needs  is  some  dividing  line  at  which  ''distribution" 
ends  and  "transmission"  begins ;  but  such  boundaries  are  probably 
like  the  "movable  feasts"  of  the  Church,  and  it  is  certain  that 
distribution  voltages  are  rising  all  the  time  under  our  newer 
conditions. 
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The  increasing  scarcity  of  timber  and  consequent  rise  in 
price  have  compelled  engineers  to  look  for  substitutes,  so  that 
for  many  purposes,  steel  and  concrete  have  long  since  replaced 
wood.  For  pole  lines,  however,  not  only  for  low-tension  tele- 
graph and  telephone  work,  but  in  transmission  service,  wood  is 
still  in  quite  extensive  use.  The  principal  objection  is  the  hi^er 
cost  of  the  newer  materials,  and  it  hardly  seems  likely  that  this 
can  be  overcome  for  the  present,  especially  if  we  g^t  scientific 
reforesting.  Another  objection  found  to  concrete  poles  is  their 
increased  weight  as  compared  with  either  wood  or  steel ;  a  solid 
concrete  pole  weighing  perhaps  on  the  average  three  times  as 
much  as  a  wooden  one  of  the  same  strength;  and  a  hollow  pole 
about  twice  as  much.  Data  are  still  accumulating  on  these 
points  and  others  as  to  strain  and  durability,  and  will  be  welcomed. 
Meantime  there  is  a  very  notable  increase  in  steel  towers  and 
in  concrete  construction. 

For  this  reason  it  may  perhaps  be  worth  while  to  note  that 
during  the  past  year  the  Central  Colorado  Power  Co.  has  adopted 
a  wooden  transmission  tower  construction  for  a  new  70-mile  line 
at  100,000  volts.  Each  tower  comprises  one  4S-ft.  and  one  40-ft 
pole,  which  are  set  into  the  ground  to  a  depth  of  5  ft.  6  in.  At 
the  ground  line  the  poles  are  separated  by  a  distance  of  17  ft.  6  in., 
and  converge  to  a  distance  of  11  ft.  at  a  level  35  ft.  above  the 
ground.  The  cross-arm  is  formed  of  a  pair  of  4-in.  5^-lb.  steel 
channels  bolted  together  at  their  ends  and  inclosing  the  poles  as  a 
bow-spring.  Although  pinned  to  the  poles  by  through-bolts  the 
spring  pressure  of  these  deflected  channels  is  sufficient  to  grip  the 
cross-arm  securely  in  position.  A  lo-in.  spacing  block  is  inserted 
at  the  mid-point  of  the  bow,  and  the  channels  are  braced  to  the 
poles  with  4-ft.  knee  pieces.  These  towers  are  spaced  at  soo-ft 
intervals  throughout  the  70-mile  line.  The  arrangement  of  sus- 
pension insulators  used  places  all  3-phase  wires  in  the  same  plane. 
While  such  disposition  is  susceptible  of  slight  theoretical  disad- 
vantages, the  arrangement  has  the  great  practical  advantage  of  per- 
mitting any  wire  to  be  reached  and  worked  upon  without  danger  of 
contact  with  the  others.  The  ground  wire  is  carried  at  a  distance 
of  nearly  8  ft.  from  the  nearest  conductor.  At  each  pole  a  ground 
tap  is  run  down  under  staples  and  wrapped  in  a  spiral  about  the 
pole  butt  to  provide  a  permanent  earth  connection.  The  Central 
Colorado  Co.  has  used  a  construction  similar  to  this  in  some  of 
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its  1 3,000 volt  lines,  where  the  bow-spring  cross-arms  are  formed 
*of  two  6-in.  by  6-in.  hardwood  members.  With  this  construction 
spans  as  long  as  iioo  ft.  have  been  used. 

Another  special  modification  used  on  these  13,000-volt  lines 
where  it  is  desirable  to  avoid  guying  against  the  fierce  winds  that 
prevail  in  the  regplon  has  been  an  A-frame  arrangement.  Two 
30-ft.  poles  are  erected  30  ft.  apart,  at  an  angle  of  30  deg.  with 
the  perpendicular,  forming  an  equilateral  triangle.  The  frame 
is  linked  and  braced  by  ^-in.  bolts  extending  through  plate  cross- 
pieces.  At  distances  6  ft.  down  each  pole,  measured  from  the 
apex  of  the  frame,  provision  is  made  for  attaching  strain  insu- 
lators, the  jtmipers  between  spans  passing  around  the  poles.  The 
top  wire  is  then  attached  to  the  frame  cross-piece,  while  the 
lower  conductors  clear  the  ground  by  20  ft.  This  constructiofi 
has  been  used  in  a  mountainous  country  for  a  distance  of  nearly 
3  miles,  the  maximum  of  the  47  spans  being  1 100  ft. 

As  to  line  conductors,  the  greater  use  abroad  or  outside 
this  country  of  aluminum  continues,  without  any  apparent 
explanation  except  that  under  the  old  tariff,  copper  has  held  its 
advantage.  Under  ordinary  conditions  an  aluminum  conductor 
at  American  prices  is  just  a  few  per  cent  cheaper  than  the  equi- 
valent copper  conductor,  so  little  cheaper  in  fact  that  the  extra 
cost  of  supports  and  of  stringing  the  aluminum  equals  the  saving. 
In  Europe  and  in  Canada  the  ordinary  quotations  of  aluminum 
are  about  the  same  pound  for  potmd  as  copper  at  the  base  price,  and 
for  hard-drawn  wire  a  saving  in  the  use  of  aluminum  figures  out 
at  from  35  to  40  per  cent.  The  duty  has  been  kept  just  high 
enough  to  block  importations.  As  a  result  of  this  the  transmis- 
sion line  outside  of  American  territory  is  more  than  likely  to  be 
constructed  of  aluminum,  while  inside  our  tariff,  copper  has  to 
be  the  chief  reliance.  The  new  tariff  if  it  goes  into  effect  may 
possibly  change  these  conditions  somewhat.  It  has  been  pointed 
out  that  in  the  case  of  long-distance  transmission  at  very  high 
pressures  the  extra  cost  of  the  insulator  makes  very  long  spans 
more  economical,  and  then  the  cost  of  the  insulators  and  towers 
is  so  great  as  to  make  the  cost  of  the  conductors  a  comparatively 
small  proportion  of  the  total  cost.  This,  combined  with  the  fact 
that  the  towers  must  be  some  10  per  cent  higher  with  aluminum 
cables  in  consequence  of  their  greater  sag,  and  wider  on  account 
of  the  greater  spacing  to  prevent  touching  when  swinging  in  a 
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gale,  results  in  reducing  the  saving  effected  by  the  use  of^ 
aluminum  from  4  to  6  per  cent,  as  shown  by  the  official  pub- 
lications of  the  Ontario  Hydro-Electric  Commission.  A  care- 
ful analysis  of  the  figures  of  cost  shows  that,  in  the  case  of  the 
main  line  to  Toronto,  consisting  of  two  3-phasc  circuits  ead 
comprising  three  No.  4-0  B.  &  S.  cables,  the  six  cables  cost  $I4S0 
per  mile  as  compared  with  $2050  per  mile  for  copper  cables  (cop- 
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per  wire  at  16  cents  per  pound  and  aluminum  at  23.5  cents  per 
pound),  showing  a  saving  of  nearly  30  per  cent  on  the  cables 
alone.  This  saving  was  reduced  to  5.6  per  cent  only  on  the  total 
cost  of  the  line,  partly  because  th^  actual  towers  weighed  1.72 
tons  as  against  1.57  tons  for  towers  for  an  equivalent  copper 
line,  and  partly  because  the  cost  of  the  cables  was  only  30  per  cent 
of  the  total  cost  of  the  line,  including  erection  but  exdadiiig 
rights-of-way. 

It  has  been  stated  that  one  of  the  chief  reasons  for  die  use 

*    *  *  • 

of  aluminum  'in  preference  to  copper  for  the  above  lines  was  tbe 
lower  corona  loss  with  aluminum  conductors.  At  the  high  pres- 
sure employed,  namely,  110,000  volts,  the  section  of  conductor  for 
copper  was  so  small  as  to  approach  the  limit  at  which  the  corona 
loss  becomes  Very  considerable,  and  the  28  per  cent  greater  diana- 
eter  of  the  equivalent  aluminum  cable  was,  therefore,  an  impor- 
tant advantage.  As  the  corona  loss  is  one  of  the  most  important 
of  the  difficulties  to  be  overcome  in  future  lines  at  very  higb 
pressures,  this  advantage  of  aluminum  will  necessarily  carry  great 
weight.  Commenting  on  this  and  the  fact  that  there  were  at  the 
time  of  its  remarks  some  30  aluminum  transmission  lines  in  the 
British  Isles,  the  Electrical  World  remarked :  "One  of  the  inter- 
esting minor  advantages  of  aluminum  for  the  very  high  voltages 
as  found  on  some  of  the  Canadian  lines  is  that  owing  to  its 
larger  cross-section  for  the  same  conductivity  Ae  tendency  to 
coronal  loss  is  somewhat  reduced.  At  the  present  time  there  arc 
about  30  transmission  lines  in  Great  Britain  using  aluminum  con- 
ductors. It  is  instructive  to  note  that  on  some  of  these  lines 
the  engineers  have  taken  advantage  of  the  light  conductors  to 
increase  the  span  considerably  beyond  ordinary  pole-line  prac- 
tise in  this  country.  Our  British  friends  may  be  conservative, 
but  their  conservatism  is  rampant  anarchy  compared  with  tfic 
attitude  of  most  American  engineers  toward  the  long-span  pole 
line.     If  w^  .ari5  ludcy  enough  to  obtain  cheap  aluminum  in  the 
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future,  possibly  the  British  practise  may  serve  as  a  welcome  source 
of  courage.  Be  that  as  it  may,  it  seems  to  be  a  fact  that  the 
aluminum  line  in  foreign  practise  is  being  installed  in  many 
cases  and  with  pretty  uniform  success.  The  old  hesitancy  about 
using  a  new  metal  came  chiefly  from  the  earlier  product  strung  as 
solid  wire  and  of  dubious  strength.  A  first-class  stranded  alu- 
minum cable  as  manufactured  to-day  is  entirely  free  from  the 
risks  once  feared." 

SUNDRY  DEVELOPMENTS  OF  THE  YEAR 

It  is  interesting  to  note  that  our  own  Convention  has  been 
recently  preceded  by  a  special  meeting  of  the  American  Institute 
of  Electrical  Engineers  in  Pittsburgh,  to  discuss  the  general  sub- 
ject of  the  application  of  electricity  in  mines,  a  subject  which 
comes  well  within  the  sphere  of  this  Section,  although  it  is  not 
less  concerned  to  develop  the  production  of  electrical  energy  at 
the  mine.  At  this  meeting,  Mr.  J.  S.  Jenks  stated  that  the  West 
Penn  system  hastiow  76  coal  mines  on  its  lines  with  an  aggregate 
load  of  14,831  hp.,  and  in  April  was  connecting  10  more,  with 
5701  hp.,  making  a  total  of  20,532  hp.  He  hopes  soon  to  have 
30,000  hp.  of  coal  mining  load  on  the  company's  circuits.  Mr. 
£.  D.  Dreyfus  stated  that  from  personal  observation  he  knew  of 
over  200  coal  companies  using  central-station  and  power-trans- 
mission service  and  believed  that  to  be  only  a  small  percentage 
of  the  whole. 

That  is  one  aspect  of  development  of  this  kind.  The  other 
is  that  of  energy  production  at  the  mine  itself  for  transmission. 
For  instance,  the  casual  reading  of  a  magazine  article  a  few 
years  ago  by  Hon.  H.  J.  Logan,  formerly  member  of  the  Canadian 
Parliament  for  Cumberland  County,  Nova  Scotia,  was  the  initial 
step  in  the  establishment  of  the  pioneer  electric  transmission  plant 
of  the  Maritime  Coal,  Railway  &  Power  Co.,  Ltd.,  of  Amherst, 
N.  S.,  at  the  mouth  of  the  celebrated  Chignecto  mine,  located  eight 
miles  southeast  of  the  latter  city  and  within  easy  transmission 
distance  of  an  important  industrial  and  coal-bearing  area.  The 
article  in  question  suggested  the  possibilities  of  electrical  trans- 
mission from  the  pit  mouth,  crediting  the  scheme  to  Mr.  Thomas 
A.  Edison,  whom  Mr.  Logan  visited  at  his  New  Jersey  home. 
They  discussed  plans  for  the  carrying  forward  of  the  enterprise, 
and  on  July  31,  1907,  service  was  begun  to  the  accompaniment  of 
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a  telegram  of  congratulation  from  the  great  inventor  and  in  die 
presence  of  many  distinguished  guests.    The  plant  has  now  bcai 
in  service  for  over  five  years  and  its  success  has   completely 
demonstrated  the  practicability  of  turning  the  potential  energy  of 
slack  or  refuse  screenings  into  electricity  for  sale  in  distant  mar- 
kets.   The  demand  for  its  output  has  constantly  increased,  and 
to-day  the  installation  is  the  source  of  electrical  supply  for  the 
municipalities  of  Amherst,   Maccan,   Nappan,    River   Herbert, 
Joggins  and  Chignecto,  operating  about  60  motors  with  a  com- 
bined rating  of  900  hp.  and  a  lighting  load  of  about  10,000  i6-qx 
equivalents  in  the  above  communities.     Factory   machinery,  a 
gypsum  quarry,  piimps,  blowers,  hoists,  fans  and  other  equipment 
are  included  in  the  motor  load,  and  by  the  use  of  an  otherwise 
unmarketable  fuel  which  constitutes  about  30  per  cent  of  the  mine 
output  the  plant  is  enabled  to  deliver  electricity  at  economical 
prices  throughout  the  entire  district.    This  is  a  typical  illustra- 
tion, and  a  pioneer  one  of  what  is  being  done  and  is  on  the  way. 
Another  case  is  that  of  the  Luzerne  County  G2is  &  £lectric  Ca 
at  Kingston,  Pa.  It  presents  the  very  unusual  condition  of  an  elec- 
trical system,  covering  some  30  square  miles  of  territory  right  in 
the  heart  of  a  coal-mining  region,  selling  a  great  deal  of  electrical 
energy  to  the  mines  and  buying  coal  locally  at  current  prices.  In 
other  words,  it  is  in  effect  hauling  coal  from  the  mines  and  deliver- 
ing back  electric  energy  to  them  cheaper  than  it  can  be  generated 
at  the  mine  mouth.  A  somewhat  singular  set  of  circumstances  led 
to  the  unusual  results  noted.    To  be^in  with,  the  coal  costs  from 
$1.10  to  $1.30  per  ton,  delivered.     Of  course,  the  refuse  and 
screenings  available  at  the  mouth  of  the  mine  would  be  cheaper 
than  the  buckwheat  used,  yet  it  appears  that,  on  investigating  the 
relative  economies,  the  saving  by  using  the  cheaper  coal  has  been 
found  not  so  great  as  might  be  anticipated.     In  some  instances 
tliis  result  has  been  due  to  the  scarcity  of  water  supply  at  the 
mouth  of  the  ordinary  mine,  and  still  more  chargeable  to  the 
difficulty  of  utilizing  very  cheap  fuel  on  a  small   scale.     The 
economical  burning  of  culm  and  similar  fuel  requires  conveying 
apparatus  on  a  large  scale  and  can  be  best  done  in  a  plant  much 
larger  than  the  ordinary  mine  would  require.     Hence  the  plant 
can  afford  to  utilize  cheap  coal  hauled  from  nearby  mines  and 
then  distribute  electrical  energy  back  to  the  mines  at  a  profit  to 
all  concerned.     The  coal  is  hauled  to  the  station,  in  carts  and 
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dumped  into  a  large  concrete  coal  bin,  from  which  a  motor- 
driven  conveyor  distributes  it  to  the  boiler  room.  It  is  not  even 
burned  on  automatic  stdcers,  nor  are  the  ashes  disposed  of  auto- 
matically, although  an  ash-conveying  system  has  been  installed. 
The  operating  conditions  make  the  success  of  the  plant  in  energy 
distribution  all  the  more  remarkable.  It  is  at  least  an  open 
question  whether,  even  with  this  cheap  fuel,  the  energy  costs  are 
not  needlessly  high,  considering  the  size  of  the  plant,  by  reason 
of  its  design,  yet  the  cost  of  fuel  per  ton  is  so  low  that  any  differ- 
ence secured  by  a  considerably  more  expensive  plant  would  be  so 
moderate  as  to  make  the  economy  a  questionable  one  until  the 
plant  has  to  carry  a  much  greater  load.  The  requirements  found 
necessary  with  coal  selling  at  $3.00  or  $4.00  may  prove  to  be 
uneconomical  with  coal  at  $1.25. 

In  a  way  the  same  conditions  have  developed  in  the  zinc 
district  of  Missouri.  It  might  seem  that  an  electrical  distribution 
from  steam-driven  generators,  operating  in  a  territory  supplied 
with  gas  and  extremely  cheap  coal,  would  encounter  commercial 
difficulties  of  an  almost  insurmountable  character.  Even  a  decade 
ago  the  supposition  would  have  been  painfully  true,  yet  to-day  in 
r^^lar  commercial  work  and  on  a  business-like  basis  the  thing 
is  being  done,  as  shown  in  the  Empire  mining  district,  which 
lies  in  the  Missouri  and  Kansas  territory  long  known  as  the  center 
of  the  lead  and  zinc  mining  industries.  In  that  region  are  more 
than  600  mines  in  operation,  of  all  sizes.  This  territory  is  now 
served  by  the  Empire  District  Electric  Co.,  which  has  in  opera- 
tion 9  generating  stations,  19  substations,  100  miles  of  33,000- 
volt  transmission  lines  and  an  equal  mileage  of  2300-volt  distribu- 
tion circuits.  It  serves,  besides,  the  running  needs  of  a  scattered 
community  of  more  than  150,000  people  and  165  miles  of  interur- 
ban  railway.  This  service  of  itself  is  not  remarkable,  but  that 
it  should  grow  and  prosper  where  gas  can  be  had  for  25  cents  per 
1000  cu.  ft.  and  coal  is  somewhere  about  $2.00  per  ton  speaks 
volumes  for  the  practical  advantages  of  electric  power.  Mining, 
however,  involves  peculiar  conditions  in  the  use  of  power,  and 
experience  has  shown  that  under  the  circumstances  of  average 
use  the  power  costs  in  mining  run  abnormally  high.  For  instance, 
in  one  case  of  mine  pumping  it  was  found  that  even  with  fuel  gas 
at  only  12.5  cents  per  1000  cu.  ft.  the  actual  fuel  cost  per  1000 
gal.  pumped  rose  to  4.8  cents.    When  the  steam  pump  was  dis- 


58 

carded  and  an  electric  pump  installed  in  its  place  the  cost  for  the 
power  fell  to  8.3  mills  per  100  gals.  In  addition  to  more  than 
100  pumping  installations,  many  motor-driven  air  compresson 
are  in  use,  with  hoists  and  other  equipment,  bringing  the  total 
connected  motor  load  up  to  about  25,000  hp.  The  load  curve  of 
the  system  is  unusual  on  account  of  the  mining  service,  with  a 
long  peak  from  9  a.  m.  to  3  p.  m.,  rising  to  some  11,000  hp.  last 
summer.  Building  up  such  a  business  is  no  easy  matter,  for,  as 
usual,  the  users  of  power  have  no  exact  knowledge  of  its  real  cost, 
yet  load  is  steadily  being  secured  in  spite  of  the  very  low  nominal 
cost  of  fuel.  One  exceptional  feature  of  the  practise  here  is  the 
very  large  use  of  2300-volt  induction  motors,  all  above  3Q-h{x 
being  thus  wound  for  the  regular  distribution  voltage.  Taken 
altogether,  the  system  is  a  beautiful  example  of  the  adaptability 
of  electrical  energy  in  the  face  of  cheap  gas  and  coal. 

Fuel  oil  utilization  in  long-distance  electrical  work  is  wdl 
exemplified  by  the  Redondo  plant  of  the  Pacific  Power  and  Light 
Co.  to  which  attention  has  been  directed  in  previous  Reports. 
This  station,  located  at  Redondo  Beach,  18  miles  southwest  of 
Los  Angeles,  is  remarkable  for  its  use  of  double  vertical  and 
horizontal  reciprocating  engine  units  and  for  the  extremely  high 
fuel  economy  attained  in  its  operation.  When  burning  fuel  oil 
in  the  furnaces  of  its  water-tube  boilers,  the  plant  produced,  in 
a  is-day  run,  252.8  kw-hr.  per  barrel  of  oil,  the  barrel  weighing 
filled  334  lb.  and  each  pound  containing  18,500  lb.  fahr.  thermal 
units.  This  economy  has  been  well  maintained  on  the  whole  since 
the  well  known  acceptance  test  on  the  station  was  made.  The  sta- 
tion furnishes  energy  for  the  operation  of  a  large  portion  of  the 
interurban  trolley  system  of  the  Pacific  Electric  Railway  Co.  and 
the  street-railway  service  of  Los  Angeles,  in  conjunction  with  Ac 
Kern  River  and  other  hydro-electric  plants  by  which  the  Pacific 
Li^ht  &  Power  Co.  supplies  electricity  throughout  its  extensive 
territory.  The  plant  has  now  had  added  to  it  two  15,000-kw.  3- 
phase  generators,  and  a  total  nominal  equipment  of  40,000  kw. 
in  enpfine  and  turbine  units  is  located  in  an  area  200  ft.  long  by 
80  ft.  wide. 

RECENT  DEVELOPMENTS  AND  INSTALLATIONS 

The  past  year  has  been  prolific  in  new  enterprises  and 
developments,  due  in  some  degree  to  the  significant  shifting  over 
of  the  central-station  industry  as  a  whole  to  the  transmission  basi$ 
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of  producing  its  energy.  How  far  this  will  go  no  one  can  yet 
see,  but  it  certainly  means  larger  plants,  longer  transmissions, 
and,  with  rational  legislation  and  the  encouragement  of  capital, 
the  utilization  of  various  natural  powers  still  running  to  waste. 
These  are  undoubtedly  exaggerated  in  the  public  mind  in  num- 
ber, extent  and  value;  but  after  all  is  said  and  done,  the  con- 
crete residue  awaiting  the  skill  of  the  engineer  is  enormous  and 
destined  to  advance  this  great  industry  to  an  incalculable  extent. 
It  will  be  interesting  here  to  note  what  some  of  our  big  systems, 
steam  and  hydro,  are  already  doing.  The  table  below  shows  the 
outputs,  peak  loads  and  load-factors  of  the  central  stations  in 
Chicago,  New  York,  Philadelphia,  Boston  and  Brooklyn  for  the 
year  just  closed.  The  Commonwealth  Edison  system  still  has 
the  highest  peak  load  and  the  largest  output  of  the  central-sta- 
tion systems,  owing  to  its  great  railway  load.  The  New  York 
Edison  Co.  took  over  the  load  of  the  Third  Avenue  Railroad  Co., 
approximating  28,000  kw.,  but  too  late  to  make  any  impression 
on  the  yearly  output.  In  this  connection  the  output  of  the  Niagara 
Falls  Power  Co.  and  the  Canadian  Niagara  Power  Co.,  which 
virtually  comprise  a  single  system,  the  stations  being  operated  in 
parallel,  is  of  interest.    The  peak  load  on  that  system  occurred 


DATA  ON  LARGE  GENERATING  SYSTEMS 

Yearly 
Peak  Date  of  Vearly  Load 

System  Load  Peak  Output  Factor  of 

in  Kw  Load  in  Kw-hr.  System 

Per  Cent 

Commonwealth  Edison  . .     233,000  Dec.  11  799,000,000  43-44 

New  York  Edison* 189,726  Dec.  20  513,926,429  30.8 

210,813  Dec.  23  1619,290,064  t334 

Philadelphia  Electrict  . . .      65,489  Dec  23  133,969,655  32 

Boston  Edison 60,143  Dec.  18  161,702,955  30.6 

Brooklyn  Edison    42,500  Dec.  17  125,770,000  33.7 

^Exclusive  of  service  to  railroads. 

tlncludinff  railroad  load  estimated  for  entire  year. 

t  Philadelphia  only. 

on  March  8  and  was  115,900  kw.  The  output  for  the  year,  how- 
ever, was  868,392,750  kw-hr.  and  the  load-factor  of  the  system 
(ratio  of  yearly  average  to  highest  peak  in  year)  was  82.29  per 
cent,  making  it  in  point  of  the  output  the  largest  system  in  the 
world.  The  figures,  however,  do  not  reflect  natural  conditions  at 
Niagara  Falls.  During  most  of  the  year  the  output  of  each  of  the 
plants  was  rigidly  limited  by  the  restrictions  of  the  Burton  act, 
and  during  a  large  part  of  the  year  a  part  of  the  Buffalo  load 


6o 

was  supplied  from  the  plant  of  the  Toronto  Power  Co.  at 
Niagara  Falls,  Ont.  The  total  output  of  Niagara  would  of  course 
run  far  beyond  the  figures  quoted. 

In  noting  a  few  of  the  developments  of  the  year,  first  place 
may  perhaps  be  given  to  governmental  work  and  the  fact  that 
while  this  Report  was  in  press,  awards  were  made  in  this  coun- 
try for  the  greater  part  of  the  material  required  for  the  con- 
struction of  the  Cristobal-Balboa  transmission  line,  48  miles  long, 
which  will  be  the  principal  feed  of  the  system  on  the  Isthmus  for 
tlie  Panama  Canal.  As  to  other  conditions,  notably  those  in  the 
West,  attention  may  be  directed  to  an  excellent  article  appearing 
ia  the  Scientific  American  of  April  5,  1913,  on  the  harnessing  of 
the  public  water  powers.  At  least  a  part  of  it  may  be  quoted  here, 
with  the  data  as  to  what  has  actually  been  done.  The  author, 
Mr.  C.  J.  Blanchard,  of  the  U.  S.  Reclamation  Service,  says: 

"Upon  the  adoption  by  Congress  of  a  comprehensive  and 
practical  water-power  policy  depends  to  a  great  extent  the  future 
development  and  progress  of  a  large  part  of  the  West,  and  in  a 
somewhat  lesser  degree  of  many  parts  of  the  East,  South  and 
Middle  West.    The  time  is  ripe  just  now  for  an  adjustment  of 
the  differences  which  have  existed  between  the  Federal  authori- 
ties, the  States  and  private  interests,  and  a  definite  policy  is 
looked  for  in  the  near  future.    Indeed,  a  long  step  in  this  direc- 
tion was  taken  during  the  closing  hours  of  the  last  administra- 
tion when  plans  for  State  and  Federal  co-operation  were  formu- 
lated and  the  Department  of  the  Interior  in  an  agreement  with 
a  large  power  company  in  Montana  secured  r^ognition  of  its 
right  to  make  certain  provisions  for  the  regulation  of  rates  to 
govern  the  operations  of  this  company  which  desired  to  use  some 
of  the  public  domain.     As  a  result  of  this  agreement  the  electri- 
fication   of    probably    400    miles    of    a    transcontinental    rail- 
way is  practically  assured  and  a  new  market  for  the  'white  coal' 
of  the  West  is  provided.    A  precedent  has  been  established  and 
the  bugaboo  of  Government  regulation  tying  up  development  has 
been  laid  on  the  shelf  for  the  time  being.    If  one  of  the  largest 
power  companies  in  the  West  and  a  transcontinental  railroad 
have  found  it  posible  to  enter  into  an  entirely  satisfactory  agree- 
ment with  the  Department  of  the  Interior,  notwithstanding  the 
present  notoriously  inadequate  laws,  future  complaints  by  pro- 
moters and  exploiters  that  their  plans  for  devetopment  are  pre- 
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vented  by  departmental  red  tape  will  perhaps  not  be  accepted 
with  the  same  confidence  by  the  public  and  the  press.  It  has  not 
always  been  the  fault  of  the  Department  that  private  enterprises 
have  been  checked  and  halted.  More  often  the  fault  has  been 
with  Congress,  which  while  enacting  laws  for  withdrawals  and 
restrictions,  has  persistently  declined  to  provide  legislation  to 
enable  the  Department  to  unlock  the  storehouse  in  order  to  per- 
mit untilization  and  development  for  the  public. 

"Representatives  of  the  Departments  of  the  Interior  and 
Agriculture  during  the  past  year  held  numerous  conferences 
which  resulted  in  a  comprehensive  revision  of  the  regulations 
governing  the  water-power  permits  in  national  forests  and  on 
the  public  domain  generally.  Later  a  largely  attended  conference 
was  held  with  representative  water-power  interests  and  of  the 
State  conservation,  water,  and  varied  Commissions  of  California. 
There  were  discussions  of  the  relations  between  the  State  and 
National  governments  with  respect  to  water  power  and  modifica- 
tions in  the  laws  and  regulations  in  order  to  co-ordinate  the  func- 
tions of  the  Nation  and  the  States.  This  conference  was 
extremely  illuminating  in  that  it  fully  demonstrated  the  feasibility 
of  effective  co-operation. 

"In  the  working  out  of  a  definite  plan  for  the  utilization  of 
our  natural  resources  and  particularly  the  water  powers,  only  one 
Federal  bureau  has  been  actually  engaged  in  the  engineering  work 
of  developing  power.  The  Reclamation  Service,  organized  in 
1902  for  the  purpose  of  making  habitable  large  areas  of  irrigable 
public  lands,  has  constructed  a  number  of  power  plants  and  has 
launched  the  Government  in  the  power  producing  business  in 
several  localities.  Originally  the  idea  of  power  development  was 
solely  for  the  purpose  of  pumping  water  to  lands  above  the  reach 
of  the  gravity  canals,  but  wise  management  decreed  when  there 
was  demand  for  surplus  power,  that  all  such  power  which  could 
be  economically  developed  should  be  provided  for  in  the  con- 
struction of  the  plant.  In  this  way  the  Government  has  found 
itself  in  the  field  as  a  maker  and  seller  of  electric  power.  It  is  a 
rather  advanced  step  in  the  governmental  activities,  but  no  one 
has  yet  seriously  questioned  its  practicability  and  certainly  no 
one  can  gainsay  its  success  financially.  It  is  understood  that  the 
Government's  control  of  these  public  utilities  is  not  to  be  perma- 
nent, as  it  is  contemplated  in  time  that  their  operation  and  main- 
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tenancc  as  well  as  the  revenues  will  be  turned  over  to  the  people 
who  have  assessed  themselves  to  repay  to  the  Government  its 
investment.  The  Government  in  this  connection  might  be 
regarded  as  in  the  position  of  a  contractor  who  has  built  and  is 
operating  its  plant  until  its  owners  have  met  their  obligations  to 
him. 

"The  following  table  shows  the  present  condition  as  well  as 
the  possibilities  of  power  development  on  the  reclamation  pro- 
jects: 

Power  Dcvel-  Powiblc 

Project  oped,  Hp.  Power 

Ariz.,  Salt  River 9.030  ^^2? 

Ariz.,  Yuma 000 

Cal.,  Orland  . .  •  •  . .. .* 

Colo.,  Uncompahgrc lo^m 

Colo.,  Grand  Valley  2,000 

Idaho,  Boise 3.000  3.000 

Idaho,  Minidoka 10,000  30,ooo 

Mont,  Huntley 380  380 

Mont,  Lower  Yellowstone 290 

Mont.,  Sun  River ....  . . .  .* 

Mont.,  Flathead joc^ooo 

Neb.-Wyo.,  North  Platte * 

Nev.,  Trudcee-Carson 1,660  8,000 

N.  Mex.,  Rio  Grande ....  . . .  .• 

N.  Dak.,  Williston 3,000  3,000 

Ore.,  Klamath  ....  .  - .  .* 

Ore.,  Umatilla  75 

Utah,  Strawberry  Valley  i,6oo  3,500 

Wash.,  Yakima  15.000 

Wyo.,  Shoshone  * 

ToUl 27,670  394,^45 

•Not  determined. 

The  probability  is  that  most  of  us  would  advise  the  Govern- 
ment to  keep  out  of  "making  and  selling,"  as  that  is  not  a  gov- 
ernmental function  from  the  American  point  of  view,  and  has 
almost  invariably  led  to  financial  disaster ;  but  it  is  interesting  to 
get  this  review  from  within  the  departments  that  are  undertaking 
these  colossal  business  enterprises.  Meantime  what  a  Western 
private  utility  can  do  is  illustrated  vividly  by  the  Pacific  Gas  4 
Electric  Co.,  of  San  Francisco,  with  which  one  of  our  oflScers, 
Mr.  John  A.  Britton,  is  so  prominently  connected  as  vice-presi- 
dent and  general  manager.  The  company  has  16  electric 
generating  plants,  including  those  under  construction,  with  a  total 
rating  of  292,573  hp.  This  rating  is  divided  into  199,973  hp.  in 
liydro-electric  plants  and  99,600  hp.  in  steam  generating  plants. 
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The  overhead  transmission  and  distribution  lines  total  3289  miles 
in  lengthy  and  there  are  61  miles  of  underground  lines  and  105 
substations.  The  water  department  reports  storage  capacity  for 
50«ooo»ooo,ooo  gal.  and  540  miles  of  irrigation  canals,  pipe  lines, 
etc.  In  the  gas  department  there  are  15  plants  rated  for  an 
output  of  40,000,000  cu-ft.  per  day.  There  is  also  a  street  rail- 
way  system  in  Sacramento  having  39  miles  of  track  and  62 
cars.  The  company  now  has  under  construction  a  station  at 
Spalding,  on  the  Bear  River,  which  will  have  an  output  of  35,000 
hp.  It  will  have  steel  transmission  towers.  Copper  conductors 
will  be  used  in  the  snow  belt  and  in  the  fog  belt,  and  aluminum 
in  the  valleys.  The  transmission  tension  will  be  115,000  volts, 
with  suspension-type  insulators.  A  private  right-of-way  from 
the  power  house  to  Cordelia,  the  center  of  load  of  the  Pacific 
Gas  &  Electric  Co.'s  system,  has  been  purchased,  and  a  double 
tower  line,  approximately  118  miles  long,  each  tower  carrying 
a  single  circuit,  will  transmit  the  115,000-volt  energy  to  the  sub- 
station at  Cordelia,  where  the  tension  will  be  reduced  to  60,000 
volts,  at  which  pressure  the  energy  will  be  fed  into  the  company's 
existing  distribution  system.  It  is  the  expectation  of  the  com- 
pany to  finish  another  station  in  1914,  and  a  third  station  in 
191 5,  so  that  the  aggregate  development  now  under  way  approx- 
imates 135,000  hp.  As  indicative  of  the  rapidity  with  which  the 
load  on  the  system  is  increasing,  it  might  be  mentioned  that  from 
the  first  of  the  year,  1912,  up  to  October  i,  the  company  had 
acquired  a  connected  load  of  61,000  hp.  When  the  work  now 
under  contemplation  is  complete,  the  Pacific  Gas  &  Electric  Co.'s 
hydro-electric  system  alone  will  aggregate  225,000  hp. 

Attention  may  be  called  to  the  automatic  ptmiping  station 
at  the  Mill  Creek,  Utah,  plant  of  the  Knight  Consolidated  Power 
Co.,  which  illustrates  a  singularly  clever  and  ingenious  method 
of  conserving  water  supply  in  a  territory  where  water  is  precious 
and  the  available  amount  limited.  The  situation  is  briefly  this: 
A  plant  working  on  the  somewhat  scant  and  variable  supply  of  a 
mountain  stream,  fortunately  rendering  available  a  head  of  over 
1000  ft.,  at  certain  seasons  of  the  year  found  itself  painfully  short 
of  water.  Had  there  been  a  second  stream  available,  it  would 
have  paid  to  go  to  considerable  expense  to  add  its  flow  to  that  of 
the  primary  source  of  power.  This  has  often  been  done  to  meet 
the  exigencies  of  increasing  load  and  stationary  water  supply. 
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In  the  present  case  no  such  auxiliary  stream  was  available  at  or 
near  the  level  of  the  main  supply.  A  group  of  springs,  however, 
at  a  lower  level  gave  hope  of  additional  water  in  paying  amount, 
and  thb  bold  expedient  was  adopted  of  pumping  this  water  sui^y 
to  the  level  of  the  main  headworks  by  electric  power.  And  a 
cubic  foot  of  water  which  one  can  drop  more  than  looo  ft.  on  to  the 
wheels  below  by  pumping  it  less  than  150  ft.  is  not  a  source  of 
energy  to  be  held  in  contempt.  The  project  as  actually  carried 
out  involves  an  automatic  pumping  station  driven  by  the  simplest 
form  of  induction  motor  directly  coupled  to  a  centrifugal  pump 
capable  of  delivering  3.5  cu-ft.  of  water  per  second  against  a 
head,  including  friction,  of  138  ft.  The  little  pumping  plant 
requires  no  attention.  The  result  is  very  interesting.  Except  in 
May  and  June,  when  the  primary  water  supply  outruns  the  capac- 
ity of  the  pipe  line,  it  pays  to  pump  the  spring  water.  At  nor- 
mal load  it  takes  67  kw.  to  deliver  the  3.5  cu-ft.  per  second  at 
the  upper  level,  and  this  quantity  of  water  represents  237  kw.  at 
the  generators  below.  There  is,  therefore,  obtainable  at  the 
expense  of  the  pumping  plant  170  additional  kw.  for  ten  months 
in  the  year,  rising  to  a  yearly  output  of  nearly  1,250,000  kw-hr. 
It  is  sufficiently  obvious  that  this  additional  supply,  as  large  as 
that  delivered  by  the  central  station  in  many  a  small  Eastern 
city,  is  a  valuable  asset.  In  point  of  fact,  the  saving  would  be 
more  than  enough  to  pay  for  the  pumping  plant  in  a  single  year. 
Illustrative  alike  of  the  advances  in  the  art  and  the  financial 
perils  that  it  encounters,  so  persistently  overlooked  by  those  who 
assume  that  every  water  power  is  a  gold  mine  when  it  is  not  infre- 
quently a  gold  brick,  is  the  fact  that  the  Southern  Aluminum  Co., 
a  French  concern  with  French  capital,  has  decided  to  abandon  its 
hydro-electric  development  on  the  Yadkin  River  at  Whitney, 
N.  C,  to  build  a  new  dam  several  miles  below  the  present  site. 
According  to  the  tentative  plans,  the  magnificent  masonry  struc- 
tures at  Whitney,  comprising  a  solid  granite  dam  of  cut  stone, 
1000  ft.  wide  and  38  ft.  high,  the  spillway  of  similar  dimensions 
and  material,  at  right  angles  to  the  dam,  and  the  canal  leading 
from  the  dam,  will  all  be  submerged  and  the  entire  investment, 
rej^resenting  at  least  $3,000,000,  thrown  away.  TJie  new  dam  will 
be  of  concrete,  about  1200  ft.  long  and  150  ft.  .high.  Its  con- 
st nirtion  will  involve  an  expenditure  of  about  $2,000,000. 
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The  Whitney  development  as  a  whole  has  been  watched  with 
some  misgivings  ever  since  its  inception  in  1901.  The  late  George 
Whitney,  of  Pittsburgli,  was  the  leading  spirit  in  the  movement  to 
establish  an  electric  generating  plant  on  the  Yadkin  River,  and 
the  development  bearing  his  name  antedated  the  hydro-electric 
developments  of  the  Southern  Power  Co.  and  of  the  other  great 
systems  in  the  South.  Pittsburgh  contractors  built  the  dam, 
spillway  and  canal  on  what  was  said  to  have  been  a  basis  of  cost 
plus  20  per  cent.  The  work  was  the  finest  ever  undertaken  ih 
the  South,  the  granite  being  cut,  and  set  with  instruments.  Like 
nearly  all  subsequent  developments  in  that  region,  the  purpose 
of  the  development  was  to  generate  lo-hour  to  12-hour  power  for 
cotton-mill  operation.  By  the  construction  of  4.5  miles  of  canal, 
40  ft.  wide  and  having  a  depth  of  18  ft.,  a  head  of  120  ft.  could 
be  obtained  and  approximately  45,000  hp.  developed.  In  the  panic 
of  1907-1908  the  entire  enterprise  had  to  be  abandoned.  At  that 
time  the  dam,  spillway  and  canal  were  nearly  complete,  but  noth- 
ing whatever  had  been  done  on  the  power  house.  French  capital 
was  heavily  interested  in  the  original  developments,  and  since  the 
same  financial  houses  are  represented  in  TAluminus  Frangaise 
the  present  ownership  of  the  plant  is  explained.  After  the  South- 
ern  Aluminum  Co. .acquired  the  property,  at  a  price  placed  by 
rumor  at  $750,000,  it  established  offices  and  engineering  quarters 
at  Whitney,  proposing  to  undertake  its  own  engineering  work. 
Up  to  within  a  few  months  ago  Dr.  Heroult,  the  well-known 
French  engineer,  acted  in  an  advisory  capactiy,  but  he  has  since 
severed  his  connections  with  the  company. 

The  reason  given  for  the  abandonment  of  the  Whitney 
development  was  that  the  site  does  not  permit  sufficient  storage 
of  water  for  24-hour  operation.  By  locating  farther  down  the 
stream  a  higher  head  is  obtainable  and  water  will  be  backed  up  the 
river  for  a  distance  of  about  9  miles,  submerging  the  top  of  the 
older  masonry  dam  at  Whitney.  The  change  of  site  will,  of 
course,  necessitate  changes  in  the  contemplated  generating  equip- 
ment, depending  on  the  location  of  the  aluminum  plant.  If  250- 
volt  operation  is  no  longer  feasible,  plans  are  proposed  for  a  500- 
volt  current  layout,  using  alternating-current  generating  equip- 
ment with  rotary  converters.  To  locate  the  aluminum  plant  at 
the  power  house  will  require  extensive  grading  of  the  hillside, 

costing  considerable  money.     On  the  other  hand,  if  the  aluminum 
II— 3 
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plant  is  located  even  a  short  distance  from  the  generating  statioo 
the  feeder  investment,  supposing  that  seven  500-kw.  250-volt  unto 
are  still  retained,  will  be  prohibitive.  The  company  owns  10,000 
acres  of  land  along  the  river  and  at  Whitney,  although  the  near- 
est bauxite  deposits  are  said  to  be  at  Rome,  Ga. 

As  to  record  distance  of  transmission  it  may  here  be  stated 
that  by  the  ist  of  May,  consumers  of  electrical  energy  in  SanU 
Maria,  Cal.,  expect  to  receive  electricity  generated,  in  the  Siena 
Nevada  Mountains,  approximately  300  miles  away.  This  is  tiie 
first  transmission  line  erected  by  the  San  Joaquin  Light  &  Powei 
Co.  for  supplying  electricity  to  towns  on  the  coast.  Severil 
months  ago  a  franchise  was  granted  to  the  generating  company, 
and  since  that  time  the  local  generating  stations  at  Santa  Maria, 
Arroyo  Grande  and  Paso  Robles  have  been  absorbed.  Ar^aDg^ 
ments  are  now  being  made  for  changing  over  the  motor  and  light- 
ing load  from  the  old  plants  to  the  new  system.  Besides  being 
used  for  power  and  lighting  purposes  in  business  and  residential 
districts,  the  electricity  will  be  used  for  operating  the  irrigatioo 
wells  on  ranches. 

For  a  number  of  years  the  Davis  &  Weber  Counties  Canal 
Co.  has  operated  an  extensive  irrigation  system  supplying  a  laige 
district  near  Ogden,  Utah.  By  means  of  a  canal  extending  far  op 
the  famous  Weber  Canyon  and  paralleUng  the  Union  Pacific  rail- 
road's right-of-way,  water  is  diverted  from  the  Weber  River  and 
led  out  through  a  concreted  channel  which  for  miles  skirts  the 
foothills  and  marginal  slopes  of  the  lower  river,  supplying  water 
to  the  farms  below  and  beyond.  Realizing  the  water-power  poa- 
sibilities  of  the  project  originally  installed  for  irrigation  porpoaeik 
it  was  found  possible  to  develop  over  13,000  hp.  with  the  aO(h& 
head  available  between  the  canal  and  the  river.  Of  this  total 
capacity,  an  initial  installation  of  3750  hp.  has  now  been  com- 
pleted. At  the  point  selected  as  the  most  advantageous  for  Ais 
development  the  river  flows  on  the  far  side  of  an  old  broad  flood- 
plain  (now  rich  farmland),  bringing  the  natural  discharge  channd 
more  than  half  a  mile  from  the  hillside  canal.  The  water-power 
plant  was  accordingly  located  at  about  the  midpoint  of  this  2Soo-ft 
distance,  being  supplied  through  steel  penstocks  1400  ft  in  lei^ 
while  a  tailpiece  of  about  the  same  length  had  to  be  excavated 
to  connect  the  turbine  draft  tubes  with  the  river.  In  many  re- 
spects the  new  Riverdale  plant  is  therefore  unique,  having  huge 
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Steel  penstocks  of  extraordinary  length  under  full  hydraulic  head 
and  special  features  of  design  to  control  and  withstand  the  un- 
usual natural  and  impact  forces  involved  in  these  great  moving 
masses  of  water.     Utilizing  its  own  available  resources  to  the 
limit,  the  plant  also  "borrows"  the  flow  of  an  independent  irriga- 
tion ditch,  later  returning  it  to  the  lower  channel  by  means  of  a 
centrifugal  pump  after  extracting  the  net  energy  of  nearly  200  ft. 
of  fall,  which  would  otherwise  be  wasted.     In  spite  of  the  diffi- 
cult natural  conditions  to  be  overcome  and  the  completeness  and 
excellence  of  its  equipment,  the  present  plant  has  been  erected 
at  a  very  low  cost,  declared  to  have  been  less  than  $45  per  kw. 

The  point  of  diversion  of  the  main  irrigation-ditch  supply 
is  in  the  Weber  Canyon,  eight  miles  from  the  power  house.  The 
30-ft.  channel  has  been  concreted,  rendering  it  waterproof  and 
permitting  higher  velocities  of  stream  flow  without  danger  of 
"washing"  the  sides.  Originally  325  cu-ft.  per  second  was  the 
water  allowance  granted  the  irrigation  company,  but  this  quan- 
tity has  since  been  augmented  by  additional  fillings  of  300  cu-ft. 
per  second.  These  amounts  do  not  include,  however,  the  18  cu-ft. 
per  second  obtained  from  the  Riverdale  ditch  which  passes  the 
plant  From  September  15  to  April  15,  643  cu-ft.  per  second  is 
thus  available  for  water-power  use.  During  the  remaining  months 
of  tfie  year  which  comprises  the  irrigation  season  only  318  cu-ft. 
can  be  taken. 

As  initially  installed,  there  are  at  present  two  principal  water- 
whcd  units,  one  of  the  2500-kw.  and  the  other  of  1250-kw.  rating. 
Eadi  is  separately  supplied  from  the  gatehouse  through  its  own 
sted  tube,  about  1400  ft.  in  length.    To  form  the  forebay,  the 
jo-ft.  concrete-lined  canal  on  the  side  of  the  hill  has  been  widened 
to  60  ft.  for  a  distance  of  250  ft.,  providing  a  basin  which  is  in 
part  closed  on  the  plant  side  by  the  gatehouse.    This  concrete 
wd  brick  structure  provides  four  penstock  openings,  including 
two  future  outlets  for  additional  2500-kw.  units.     Trash  traps 
protect  the  intakes  of  the  present  penstocks,  which  can  be  closed 
req)ect]vely  by  96-in.  and  72-in.  sluicegates,  operated  by  3-hp. 
iwfoction  motors.    These  gates  work  under  19-ft.  head  and  can 
be  manipulated  from  the  power  house  or  from  the  gatehouse  itself, 
as  desired.    In  the  first  400  ft.,  the  penstock  tubes  drop  173  ft., 
reaching  the  flood-plain  surface,  on  which  they  are  carried,  prac- 
tically level,  for  nearly  1000  ft.  to  the  power  house. 
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Among  recent  developments  is  that  of  the  Central  Georgia 
Transmission  Co.,  organized  for  the  delivery  of  energy  over  a 
considerable  territory  in  middle  Georgia  contiguous  to  the  region 
already  supplied  with  energy  by  the  Central  Georgia  Power  &).. 
from  which  the  transmission  company  buys  its  energy  on  a  loi^ 
term  contract.  The  transmission  lines  connect  Atlanta,  Hampton 
and  Monticello  with  the  system  of  the  generating  company,  and 
substations  in  each  place  take  care  of  the  local  distribution.  Energy 
is  transmitted  at  66,000  volts  and  delivered  to  customers  at  11,000 
or  2300  volts.  The  conductors  forming  each  circuit  are  on  a 
single  side  of  the  pole,  but  not  directly  over  each  other,  being 
slightly  staggered  to  lessen  the  possibility  of  contacts  due  to  a 
heavy  load  of  sleet.  The  span  is  only  about  550  ft.  Each  tower 
carries  two  stranded  steel  cables  grounded  at  each  pole  for  pro- 
tection against  lightning,  which  is  considerably  to  be  feared  in 
this  particular  territory.  The  transmission  circuits  themselves 
arc  of  No.  o  equivalent-stranded  aluminum.  Two  miles  of  the 
main  circuit  pass  through  the  suburbs  of  Atlanta,  running  along 
the  curb  line  of  the  street,  and  here,  of  course,  it  became  neces- 
sary to  occupy  less  ground  area  and  thereby  reduce  the  support 
to  what  is  really  a  carefully  designed  square  latticed  pole,  which 
carries  the  conductors  in  precisely  the  same  way  as  the  other 
towers  but  on  a  slightly  shorter  span,  some  425  ft.  on  the  aver- 
age. Another  interesting  part  of  the  system  is  a  large  switch- 
ing tower  near  the  Hampton  substation.  This  is  a  latticed  steel 
structure  supporting  in  the  free  open  air  the  group  of  long 
switches  for  sectionalizing  and  interconnecting  the  lines  at  this 
particular  point.  In  some  of  the  Pacific  Coast  plants  the  opca- 
air  switching  system  has  been  used  very  successfully,  and  not 
uncommonly  it  forms  an  addition  to  power  houses  and  substa- 
tions, but  its  use  in  Eastern  plants  has  been  somewhat  limited, 
so  that  tills  Southern  example  is  rather  a  striking  one.  But  there 
will  he  more  of  it. 

The  recent  rounding  out  of  the  system  of  the  Pacific  Power 
&  T.ijyht  Co.  with  headquarters  at  Portland,  Ore.,  and  its  plans 
for  further  (levclo])nient,  are  typical  of  the  way  such  systems 
lirnw  tnulrr  cniTi^etir  niaiiagenient  and  subject  to  the  demand 
of  the  repoii  for  service.  At  the  end  of  1912,  the  company  had 
ill  operation  about  350  tniles  of  f/i.ooo-volt  line,  classifying  under 
this  \\vi\(\  the  line  between  White  River  and  Hood  River,  which 
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is  not  now  operating  at  this  voltage  but  which  will  be  by  the 
end  of  summer.  The  company  also  had  73  miles  of  22,500-volt 
lines,  most  of  which  is  double  circuit  on  a  single  pole  line,  mak- 
ing a  total  of  about  125  miles  of  single  line  of  this  character. 
Not  counting  city  distributing  systems,  it  is  estimated  that  the 
company  has  250  miles  of  6600-volt  lines  in  the  rural  districts. 
The  operation  of  these  transmission  lines,  between  500  and  600 
miles  of  which  are  bound  together  in  one  system,  was  an  inter- 
esting problem  for  the  company  to  solve  when  it  was  first  under- 
taken. The  generating  plants  are  not  large  and  the  charging 
current  required  by  the  lines  was  relatively  high,  but  the  load 
dispatcher  has  been  located  at  Kennewick,  near  the  middle  of  the 
Yakima- Walla  Walla  line,  which  makes  the  situation  such  that 
it  can  be  handled  very  satisfactorily.  The  interruptions  are 
few.  During  the  summer  months  small  cyclonic  wind  and  dust 
storms  sometimes  visit  the  territory  and  these  play  havoc  with  the 
transmission  and  distributing  systems. 

Some  of  the  transmission  lines  extend  over  isolated  coun- 
try and  to  keep  them  properly  patrolled  is  also  an  important 
function  of  the  operating  department.  Some  lines  have  been 
built  over  mountain  ranges  which  has  necessitated  that  every  pole 
hole  be  blasted  out  of  bed  rock,  and  the  line  from  North  Yakima 
to  Priest  Rapids  makes  a  remarkable  descent  from  the  mountains 
above  Priest  Rapids  power  house  down  the  Columbia  River  at 
an  angle  of  about  45  deg.  Material  for  lines  of  this  character 
had  to  be  hauled  many  miles  over  almost  impassable  roads  through 
rocks  and  sagebrush  and  had  to  be  let  down  over  cliffs  with 
ropes. 

The  American  Power  &  Light  Co.'s  allied  interests  have  under 
contemplation  the  construction  of  an  extensive  development  at 
Priest  Rapids,  on  the  Columbia  River,  where  1800  kw.  is  now 
being  generated  by  the  Hanford  Irrigation  &  Power  Co.  The 
available  power  at  this  place  has  been  estimated  at  from  100,000 
hp.  to  300,000  hp.  The  river  is  not  navigable  at  this  point  and  the 
proposed  development  would  include  locks  for  the  convenience 
of  river  bo)ats  which  together  with  the  canal  now  being  finished 
near  The  Dalles  by  the  Government  would  make  the  Columbia 
•River  navigable  from  its  mouth  almost  to  the  British  CoUiDihia 
h'ne.  Another  available  source  of  supply  for  the  Pacific  Power  & 
Light  Co.  is  provided  by  contract  with  the  Washington  Water 
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Power  Co.,  which  stipulates  that  the  Pacific  company  can  exleDd 
its  transmission  Hne  to  Lind,  Wash.,  and  there  make  connectioDS 
with  the  6o,ooo-volt  line  which  has  already  been  built  to  that  plan 
from  Spokane.  The  Washington  Water  Power  Co.  has  an  abund- 
ance of  power  and  has  arranged  to  make  Lind  the  transfer  point 
Another  concern  with  a  similar  name  to  that  just  mentiooed 
is  doing  some  spectacular  work  in  California.  The  Big  Citd 
Development  in  central  California  reached  after  a  climb  of  over 
50  miles  into  the  mountains  on  a  railroad  built  by  the  Stone  ft 
Webster  Construction  Co.,  the  contractor  for  the  entire  work,  is 
not  only  one  of  the  largest  but  in  several  respects  is  the  most 
interesting  undertaking  in  the  country.  In  addition  to  involving 
the  highest  voltage  for  transmission  over  the  longest  distance 
yet  attempted,  the  installation  possesses  many  features  of  inter- 
est from  the  purely  hydraulic  standpoint.  If  a  straig^ht  line  be 
drawn,  extending  from  San  Francisco  to  Los  Angeles,  and  from 
a  point  on  this  line  slightly  over  a  third  of  the  way  down  another 
line  be  carried  at  right  angles  100  miles  eastward  into  the  heart 
of  the  State,  its  further  end  would  mark  the  site  of  the  Big 
Creek  operations.  The  point  is  175  miles  from  San  Francisoo 
and  275  miles  from  Los  Angeles,  and  the  elevation  is  about  7000 
ft.  In  the  total  installation  a  fall  of  4000  ft.  will  be  utilized  to 
generate  120,000  kw.  for  the  system  of  the  Pacific  Light  ft 
Power  Corporation,  which  already  has  an  aggregate  equipment 
rating  of  70,000  kv-a.  in  six  hydro-electric  and  three  steam  plants. 
The  Pacific  Light  &  Power  Corporation  serves  a  population  of 
400,000  in  Los  Angeles,  and  surrounding  towns  such  as  P^- 
dena,  Riverside  and  San  Bernardino.  The  scheme  involves  the 
construction  of  two  power  houses,  each  of  which  will  have  an 
ultimate  equipment  of  60,000  hp.  in  four  wheels,  of  which  two 
will  be  installed  initially,  and  the  plants  can  be.  operated  inde- 
pendently. The  generating  units  will  be  3-phase  6600-volt 
machines  driven  by  two  overhung  impulse  wheels  on  the  same 
shaft.  The  combined  rating  of  the  two  wheels  of  each  unit  will 
he  20.000  hp.  The  current  will  be  stepped  up  to  150,000  volts  fof 
the  line  of  275  miles,  which  will  consist  of  a  double  set  of  sted 
lowers,  each  supporting  three  steel-cored  aluminum  conductors 
arrant^ed  horizontally.  The  line  will  stand  largely  on  a  private 
rit;lit-of-way. 
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The  annual  rainfall  of  the  Big  Creek  watershed  is  more  than 
80  in.  for  an  average  year,  and  the  run-off  is  equivalent  to  at 
least  50  in.    Three  gravity-section,  concrete  dams,  two  100  ft. 
and  the  third  164  ft.  in  height,  will  close  all  the  natural  openings 
in  the  basin.    These  dams  will  be  built  upon  solid  granite  for- 
mation, the  construction  material  with  the  exception  of  the  cement 
bdng  available  close  at  hand.    Upon  leaving  the  basin,  Big  Creek 
drops  about  4000  ft.  within  a  distance  of  six  miles.   With  such  a 
great  difference  in  elevation,  and  with  a  reservoir  to  equalize 
the  flow  of  the  stream,  a  comparatively  small  amount  of  water 
is  necessary  for  hydro-electric  development.     If  there  were  no 
inflow  for  five  months,  it  would  probably  be  possible  to  operate 
during  that  period  on  storage  alone,  assuming  a  50  per  cent 
load-factor.     From  the  reservoir  the  water  will  be  led  southwest 
dirough  a  4000-ft.  tunnel  cut  in  solid  granite  to  a  steel  flow  pipe, 
which  will  continue  6800  ft.,  along  the  surface  to  the  mountainside 
above  Big  Creek.    Here  the  water  will  enter  pressure  pipes 
and  drop  about  2100  ft.  through  the  wheels  of  power  house  No.  i 
to  the  forebay  of  a  second  tunnel,  to  be  formed  by  a  dam,  70  ft. 
in  height,  built  across  the  bed  of  the  creek.    Tunnel  No.  2  will 
cany  the  water  through  solid  g^nite  to  the  crest  of  the  gorge, 
about  four  miles  southwest  of  power  house  No.  i.   From  the  outlet 
of  this  tunnel  the  water  will  enter  pressure  pipes  and  fall  about 
1900  ft.  to  power  house  No.  2.     It  will  be  possible  to  generate 
about  the  same  power  at  each  of  the  plants,  as  the  forebay  of  the 
second  tunnel  will  be  located  at  a  point  just  below  the  juncture 
of  Pitman  and  Big  Creeks,  and  the  additional  supply  of  water 
will  increase  the  power  available  at  station  No.  2  and  in  a  measure 
I   compensate  for  the  difference  in  static  heads  at  the  two  plants. 
The  power  house  will  be  built  of  reinforced  concrete. 

The  Southern  Sierras  Power  Co.,  a  subsidiary  company  of 
the  Nevada-California  Power  Co.,  of  Denver,  Col.,  completed 
last  year  a  double,  3-phase,  high-tension,  steel-tower  transmis- 
sion line  northward  from  its  San  Bernardino  (Cal.)  plant,  through 
the  Owens  River  valley  for  a  distance  of  236  miles  to  Bishop 
(Inyo  County),  where  the  company  has  two  hydro-electric  devel- 
opments with  an  aggregate  rating  of  4000  hp.  The  Southern 
Sierras  Power  Co.  owns  and  operates  a  5000-hp.  steam  turbo- 
generating  and  distributing  system  at  San  Bernardino,  the  dis- 
tributing system  at  Corona  (Cal.)  and  also  an  80-mile  distribut- 
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ing  system  covering  the  San  Bernardino,  Riverside,  Corona,  San 
Jacinto  and  Perris  Valley  districts,  embracing  in  this  territory  a 
thickly  settled  community  of  at  least  50,000.  The  hydro-dcctric 
stations  are  on  Bishop  Creek,  a  tributary  of  the  Owens  River. 
One  of  the  stations  in  operation  has  a  rating  of  2000  hp.,  while 
another  of  the  same  rating  has  recently  been  under  construction. 

One  of  the  interesting  developments  of  the  year  is  the  27,000- 
hp.  hydro-electric  plant  of  the  Eastern  Tennessee  Power  Ca 
on  the  Ocoee  River  at  ParskviHe,  Tenn.,  by  J.  G.  White  &  Co., 
Inc.,  who  were  the  engineers  and  contractors  for  this  plant  The 
dam,  built  of  concrete,  is  840  ft.  long  at  the  crest  and  is  from 
115  to  125  ft.  thick  at  the  base,  with  a  spillway  362  ft.  in  length. 
The  water  enters  the  penstocks  at  a  point  about  30  ft.  below  the 
crest.  The  main  building  of  the  power  house,  165  ft.  long  and 
35  ft.  wide,  situated  immediately  below  the  dam,  of  which  its 
superstructure  is  an  integral  part,  contains  five  main  generating 
units,  each  rated  at  5400  hp.  when  operating  under  98  ft.  head 
at  360  rev.  per  min.  The  energy  is  generated  at  2300  volts,  the 
c.m.f.  being  raised  to  66,000  volts  by  transformers  housed  in  a 
wing  at  the  north  of  the  main  building.  In  addition  to  the 
27,000  hp.  which  will  be  available  from  this  plant,  provision  for 
a  secondary  development  of  11,000  hp.  at  Parksville  has  been 
made  by  building  two  openings  in  the  dam,  to  which  penstocks 
leading  to  a  power  station  about  400  ft.  below  the  dam  will  be 
attached.  The  energy  available  from  this  source  will  be  used 
as  a  reserve  to  the  main  plant.  Besides  these  plants,  a  second 
development  of  20,000  hp.  is  now  under  construction  on  the 
Ocoee  River,  the  available  water-power  resources  of  which  aggre- 
gate 75,000  hp.  Energy  is  transmitted  at  66,000  volts  over  two 
3-phase  circuits  to  Cleveland,  Tenn.,  a  distance  of  13  miles  from 
the  plant:  and  from  the  switching  station  in  Qeveland,  where 
the  lines  separate,  the  energy  is  carried  over  single-circuit  wood- 
pok»  lines  26  miles  west  to  Chattanooji^a,  Tenn.,  85  miles  north- 
east to  Knoxville,  Tenn.,  and  75  miles  south  to  Rome,  Ga. 

During  the  year,  the  Great  Western  Power  Co.,  of  San 
Francisco,  Cal.,  in  addition  to  enlarging  its  generating  station 
on  the  Feather  River  by  the  installation  of  two  io,ooo-kw.  units, 
lias  built  a  dam  at  Rii^  Meadows,  Plumas  County,  25  miles  from 
Keddie  on  the  Western  Pacific  Railroad.  The  dam  is  of  the  mul- 
tiplc-arcli  tvpe,  700  ft.  long  at  the  crest,  constructed  of  concrete 
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buttresses,  spaced  30  ft,  apart,  from  center  to  center,  in  a  direction 
parallel  to  the  flow  of  the  stream  and  with  a  series  of  arches  on 
the  upstream  side,  each  arch  covering  the  space  between  two 
buttresses.  These  arches  are  inclined  so  that  the  weight  of  the 
water  behind  the  dam  exerts  pressure  downward,  thus  increasing 
the  stability  of  the  structure.  The  dam  has  a  maximum  height  of 
no  ft.  above  the  ordinary  water  level  of  the  stream  flowing 
through  the  meadows  and  impounds  a  lake  40  square  miles  in 
area  and  storing  1,255,000  acre-ft.  (54,540,000,000  cu-ft.). 
When  completed  the  flow  of  the  Feather  River  will  be  regulated 
from  a  minimum  of  1000  to  2500  cu-ft.  per  second.  This  plan 
enables  the  company  to  develop  at  the  Big  Bend  station  80,000 
kw.,  which  is  the  limit  to  the  power  available  on  the  site  owing  to 
the  size  of  the  tunnel  through  which  the  water  is  conveyed. 
Under  ordinary  conditions  it  will  require  almost  three  years  to 
fill  the  reservoir  created  by  the  dam. 

An  unusual  hydro-electric  plant  put  into  commission  the 
past  year  is  that  which  harnesses  a  head  of  181  ft.  from  the 
"Thousand  Springs"  rising  from  lava  beds  in  Idaho.  Practically 
the  whole  State  of  Idaho  and  parts  of  Utah  and  Nevada  are  over- 
laid with  a  great  lava  sheet  which  covers  the  sedimentary  country 
rock  in  places  to  a  depth  of  several  hundred  feet.  This  lava 
rock,  now  hardened  and  more  or  less  impervious  to  water,  lies 
on  a  sandstone  equally  impervious.  But  in  the  plane  of  contact 
between  these  two  formations  underground  streams  are  collected 
and  flow  for  miles  without  meeting  the  light  of  day.  In  south- 
western Idaho,  where  the  Snake  River  has  cut  its  channel  more 
than  300  ft.  deep  through  the  loo-ft.  surface  layer  of  igneous 
lava  outflow,  and  then  through  the  softer  sedimentary  rocks  for 
200  ft.  more,  egress  is  afforded  for  one  of  these  underground 
rivers  in  a  curious  way.  For  a  distance  of  nearly  half  a  mile 
along  the  side  of  the  canyon  the  water  pours  out  into  view  from 
the  plane  of  the  lava  contact,  forming  the  famous  Thousand 
Springs.  The  source  of  the  water  itself  is  unknown  and  certainly 
is  not  within  100  miles  of  the  point  where  it  emerges  from  its 
underground  channel.  The  stream  has  an  average  flow  of  about 
750  cu.  ft.  per  second  and  is  very  uniform  in  character,  varying 
little  during  the  seasons  of  the  year.  From  the  level  where  it 
emerges,  100  ft.  below  the  top  of  the  canyon,  a  head  of  181  ft. 
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is  available  down  to  the  Snake  River,  which  flows  below,  and 
here  a  3000-hp.  water-power  plant  is  now  being  constructed, 
with  provision  for  future  extensions  to  12,000  hp.  to  utilize  the 
full  flow  of  the  Springs.    Many  different  attempts  have  been 
made  in  the  earlier  years  to  collect  and  utilize  the  flow  from  the 
Thousand  Springs,  but  without  success,  owing  to  the  peculiar 
nature  of  the  problem,  the  difficulty  of  foundationing  structures 
on  the  side  of  the  cliff  and  the  long  contact  outlet  of  the  water. 
The  final  solution  carried  out  in  connection  with  the  present  devel- 
opment, was  the  erection  of  a  concrete  canal  wall  on  the  side 
of  the  cliff  at  the  outflow  level.    This  wall  is  400  ft  long  and  in 
places  16  ft.  high.    It  forms  a  canal  20  ft.  wide,  whose  other  side 
is  the  native  cliff  and  in  which  the  water  from  the  numerous 
spring  outlets  is  collected.    At  one  end  for  a  distance  of  150  ft 
the  canal  is  widened  out  to  40  ft.,  forming  a  forebay  opening 
to  the  penstocks  which  lead  to  the  power  house,  nearly  200  ft  below. 
Though  the  Thousand  Springs  development  is  capable  of  pro- 
viding 12,000  hp.,  the  initial  machinery  is  only  two  1500-hp.  units. 
Spiral  scroll-case  Pelton-Francis  waterwheels,  operating  under  the 
head  of  181  ft.,  drive  Westinghouse  2300-volt,  6o-cycle,  3-phase 
alternators.    No  gate  valves  are  provided  for  the  penstock  tubes, 
but  quick-closing  headgates  are  inserted  at  the  tops  of  the  pipes. 
These  headgates  are  hoisted  by  worm-geared  motors,  although 
it  is  possible  to  close  the  gates  almost  instantaneously  from  the 
power-house  floor,  by  means  of  a  tripping  rope  allowing  the 
gates  to  fall  shut.     From  the  alternators  the  e.m.f.  of  the  2300- 
volt,  6o-cycle  energy  is  stepped  up  to  40,000  volts  for  transmis- 
sion to  Idaho  points,  where  the  energy  is  chiefly  used  for  irrigation 
pumping.  The  hydro-electric  site  is  eight  miles  south  of  Windell, 
Idaho,  on  the  Snake  River.    The  development  is  being  made  by 
the  Thousand  Springs  Power  Co.,  of  which  Mr.  Lafayette  Han- 
chett,  of  Salt  Lake  City,  Utah,  is  general  manager. 

The  plant  at  Great  Falls,  Mont.,  has  more  than  once  been 
referred  to,  but  its  magnitude  is  not  generally  known.  Generat- 
ing 21,000  kw.  at  a  dam  29  feet  high  and  1146  feet  long,  the 
system  transmits  its  energy  from  the  Rainbow  Falls  at  a  pres- 
sure of  102,000  volts  no  less  than  152  miles  to  the  mines  of 
Butte  and  Anaconda.  The  upper  Missouri  drops  nearly  400  ft. 
within  a  few  miles  of  Great  Falls,  and  the  topography  is  such 
that  the  power  sites  are  easily  developed.    One  of  these  is  within 
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the  city  limits  largely  utilized  for  great  smelting  works,  and  only 
in  part  for  power  transmission.  Four  miles  below  the  city  lies  the 
site  of  the  present  development  on  the  crest  of  the  Rainbow  Falls. 
Two  huge  steel  pipe,  lines,  15  ft.  6  in.  in  diameter,  leave  the 
forebay  at  the  dam  and  run  for  half  a  mile  to  a  balancing  res- 
ervoir above  the  power  house,  which  serves  as  a  buffer  or  great 
relief  valve  between  the  flow  from  the  dam  and  the  varying 
demand  of  the  wheels.  This  renders  the  task  of  regulation  vastly 
easier  than  would  otherwise  be  the  case  and  simplifies  the  con- 
struction of  the  pipe  line.  These  pipes  when  filled  hold  56,000,- 
000  lb.  of  water,  and  the  hydraulic  forces  would  be  stupendous 
were  the  conditions  such  as  to  permit  the  act  of  governing  sud- 
denly to  demand  even  a  slight  change  in  velocity. 

The  transmission  structure  is  of  more  than  usual  interest. 
It  is  a  double-tower  line,  each  set  of  towers  carrying  a  single 
circuit  with  the  conductors  spaced  10  ft.  apart  on  the  same  level. 
The  towers  are  somewhat  lower  than  early  tower  practise  would 
show,  supporting  the  wires  only  40  ft.  from  the  ground.  Each 
conductor  is  a  6-stranded  hemp-centered  copper  cable  borne  by 
six  lo-in.  disc  insulators  tested  wet  for  300,000  volts  from  con- 
ductor to  arm.  At  the  tower  tops  are  carried,  symmetrically 
placed  between  conductors,  a  pair  of  %-in.  galvanized-steel 
cables  serving  as  ground  wires.  The  actual  pressure  is  102,000 
volts,  so  that  the  factor  of  safety  with  respect  to  the  insulators 
is  very  nearly  three,  an  unusually  good  figure  in  transmission 
practise.  The  normal  span  between  tower  and  tower  is  600  ft., 
although  there  arc  various  long  spans  in  the  line,  one  of  them 
a  little  over  3000  ft.  at  the  crossing  of  the  Missouri. 

Each  of  the  separate  transmission  circuits  is  sectionalized 
at  intervals  of  about  20  miles  with  disconnecting  tower  switches. 
The  telephone  circuit  is  on  a  separate  pole  line  midway  between 
the  two  tower  lines.  The  high-tension  circuits  are  not  trans- 
posed at  all,  but  the  telephone  circuit  is  spiraled  every  five  poles. 
In  the  operation  of  the  line  it  is  interesting  to  note  that,  thanks 
to  a  large  motor  load  at  Butte  and  three  1200-hp.  synchronous 
motors  at  Anaconda  to  compensate  the  wattless  volt-amperes, 
the  power- factor  at  the  Rainbow  Falls  bus-bar  is  held  steadily 
at  almost  unity.  Very  little  corona  is  visible  on  the  lines,  although 
the  loss  due  to  this  cause  amounts  to  about  2  kw.  per  mile.  The 
load-factor,  owing  to  the  unusually  steady  use  of  motors  on  the 
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system,  is  extraordinarily  high,  averaging  about  86  per  cent  on 
an  annual  basis. 

At  Butte,  emergency  throw-over  service  is  afforded  by  the 
Butte  Electric  &  Power  Co.,  which  in  turn  has  water  power 
plants  over  20,000  kw.  on  the  widely  apart  watersheds  which 
embrace  the  Yellowstone,  Madison,  Jefferson  and  Big  Hole 
Rivers.  Moreover,  at  Great  Falls  itself  is  available  another 
75,000  hp.  for  future  development. 

At  Long  Lake,  west  of  Spokane,  has  been  under  construc- 
tion a  new  plant  for  the  Washington  Water  Power  Co.,  with  the 
highest  spillway  dam  in  the  world.  It  is  200  ft.  in  total  height, 
a  fall  of  170  ft.  has  been  created,  and  a  storage  lake  23  miles  in 
length  and  averaging  %  miles  in  width  has  been  made.  Consider- 
ing only  15  ft.  of  storage,  the  water  thus  held  for  reserve  will 
amount  to  2,695,000,000  cu.  ft.,  all  of  which  will  be  available  not 
only  for  the  Long  Lake  plant  but  also  for  the  older  one  at  Little 
Falls.  The  dam  to  be  constructed  is  unique  in  at  least  two 
important  particulars.  Owing  to  the  topography  it  has  not  been 
considered  feasible  to  provide  a  spillway  for  flood  waters  except 
over  the  dam  itself.  This  means  that  the  dam  will  not  only  be 
higher  than  any  other  spillway  dam  now  in  existence,  but  it  will 
at  times  of  flood  carry  about  19  ft.  of  water  over  its  crest.  It  has 
been  determined  to  hold  the  low-water  level  of  the  lake  at  the 
same  level  as  at  high  water.  This  is  being  accomplished  by  the 
use  of  three  roller  dams  of  German  type,  mounted  upon  the  crest 
of  the  spillway.  Each  roller  is  65  ft.  long  and  19  ft.  deep  and  is 
operated  by  suitable  power  mechanism.  The  plant  v,^ill  consist  of 
an  ultimate  installation  of  four  13.900-kv-a.  generators  having 
a  continuous  overload  capacity  of  25  per  cent.  Each  generator 
will  be  connected  to  an  I.  P.  Morris  waterwheel  rated  at  22.500 
hp.,  the  largest  watcrwhecls  ever  built. 

The  Washinp^ton  Water  Power  Co.,  for  which  this 
new  plant  is  needed  supplies  electrical  energy  to  Spokane,  Wash., 
as  well  as  to  all  the  towns  and  cities  in  the  Inland  Empire  within 
a  territory  extending  approximately  100  miles  east,  west,  north 
and  south  (^f  that  city.  It  has  534  miles  of  6o.ooo-volt  trans- 
mission line,  two  sections  of  which  feed  the  Coeur  d'Alene  mining 
district  in  Idaho,  the  bi.^i^u'st  pn)ducing  lead-mining  center  in 
the  world.  From  Spokane,  Wash.,  to  Wallace.  Idaho,  two  inde- 
pendent lines  traversing  different  routes  carry  the  electrical  energy 
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to  the  center  of  the  lead-mining  district,  nearly  loo  miles  east  of 
its  point  of  generation.  This  Cceur  d'Alene  camp  alone  is  said 
to  produce  more  than  one-third  of  the  lead  output  of  the  United 
States.  Another  high-tension  line  extends  south  for  nearly  65 
miles  into  the  fruit-raising  Palouse  country,  one  of  the  greatest 
wheat  belts  in  the  Northwest.  From  this  line  the  towns  along 
the  route  are  lighted,  the  flour  mills  operated  and  electricity  is 
distributed  for  general  use.  Still  another  line  extends  117  miles 
into  the  Big  Bend  country  contiguous  to  the  Columbia  River, 
where  is  a  rich  fruit-growing  and  wheat-raising  addition  to  the 
older  Palouse  country.  The  line  to  the  north  extends  as  far  as 
Newport  in  the  lumber  region,  traversing  also  a  part  of  the  State 
of  Idaho.  In  Spokane  the  energy  is  distributed  for  the  operation 
of  over  24  miles  of  interurban  electric  railways  and  88  miles  of 
oity  lines,  the  company's  street-railway  system  being  the  largest 
in  the  city  and  its  two  interurban  lines  connecting  Spokane  with 
Cheney  and  Medical  Lake.  The  Great  Northern  shops  are 
among  the  many  industrial  establishments  supplied  in  Spokane 
from  its  circuits.  The  company  has  also  splendid  municipal  and 
commercial  lighting  loads,  for  gas  is  not  used  to  a  material  extent 
in  Spokane  for  lighting,  and  there  is  no  competition.  The  system 
generates  a  large  part  of  its  energy,  as  is  well  known,  within  the 
very  city  of  Spokane,  but  has  other  sources  of  supply,  as  at  Post 
Falls,  Idaho,  and  more  recently  at  Little  Falls,  Wash.,  30  miles 
west  of  Spokane,  with  20,500  kw.  capacity. 

The  Southern  Appalachian  country  is  rich  in  water  powers 
and  the  development  of  these  has  already  had  a  notable  influence  in 
the  industrial  regeneration  of  the  South.  From  the  hydraulic 
standpoint  the  situation  all  through  this  region  is  somewhat 
peculiar.  The  rainfall  in  the  mountains  is  rather  heavy,  but  the 
streams  traverse  a  long  stretch  of  somewhat  hilly  country  present- 
ing only  moderate  slopes  for  a  long  time  after  leaving  the  moun- 
tains. The  mountain  sources  themselves  are  usually  rather  small 
and  numerous  and  the  whole  Appalachian  territory  is  character- 
ized by  the  almost  complete  absence  of  natural  lakes,  although 
here  and  there  are  admirable  opportunities  for  storage.  The 
developments  along  these  streams  are  therefore  on  the  whole 
rather  low-head  propositions  with  a  good  volume  of  water  requir- 
ing the  help  of  artificial  storage  if  it  is  to  be  used  at  anything 
like  its  full  value.    Nevertheless,  the  sites  are  many  and  valuable. 
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The  developments  on  tbe  New  River  are  in  the  southwestern 
comer  of  Virginia,  less  than  20  miles  from  the  North  Carolina 
line  and  not  much  further  from  the  West  Virginia  line.  Within 
a  stretch  of  25  or  30  miles  lie  five  separate  hydro-electric  sites 
taking  the  full  voltmie  of  the  river  and  having  an  aggregate  fall 
of  about  225  ft.,  the  total  normal  development  rating  being  about 
75,000  hp.  Of  these  sites  Nos.  2  and  4  have  now  been  developed 
with  a  total  of  about  29,000  hp.,  and  from  them  as  a  nucleus 
88,000-volt  lines  have  been  built  to  Coalfield,  W.  Va.,  and  Salt- 
ville  and  Roanoke,  Va.  The  electric  systems  of  seven  towns  in 
the  area  have  also  already  been  acquired  and  tied-in.  The  inter- 
esting fact  is  that  this  is  a  coal  mine  area  including  the  famous 
Pocahontas  fields. 

Another  recent  Atlantic  seaboard  development,  in  a  r^[ion 
equally  under  the  older  conditions  and  surroundings  is  Vermont 
Until  very  recently  New  England  was  conspicuous  for  the  absence 
of  important  networks.  What  had  been  done  was  merely  the  com- 
monplace installation  of  a  few  useful  and  not  very  large  plants. 
Three  years  ago  the  system  of  the  Connecticut  River  Transmis- 
sion Co.  was  put  in  operation,  starting  with  a  plant  at  Vernon, 
Vt.,  now  aggregating  about  2000  kw.    Its  lines  stretch  eastward 
to  Fitchburg,  Clinton  and  Worcester  and,  acting  as  a  wholesale 
dealer  in  energy,  the  system  has  made  rapid  growth.    Now,  under 
the  corporate  organization  of  the  New  England   Power  Co.. 
another  large  development  is  being  added  to  reinforce  the  system 
and  nearly  double  its  rating.    This  new  enterprise  involves  the 
utilization  of  the  Deerfield  River,  which  rises  in  southern  Vermont. 
The  stream,  with  a  total  drainage  area  of  a  little  over  500  sq.  miles, 
is  more  important  than  this  area  would  indicate.     It  has  liberal 
available  fall  and  takes  its  rise  in  that  plateau  of  the  southern 
Green  Mountain  territory  which  is  conspicuous  as  having  the 
largest  rainfall  in  this  part  of  the  country.    As  in  any  mountain- 
ous stream,  the  flow  is  very  variable,  and  one  of  the  important 
features  of  the  present  project  is  the  building  of  a  storage  res- 
ervoir at  Somerset,  Vt.,  to  hold  2,500,000,000  cu-ft.  of  water. 
(Three  plants  are  now  being  erected,  all  very  similar,  each  of 
6ooGhkw.  rating  in  three  units.    The  plants  are  in  the  immediate 
vicinity  of  Shelbume  Falls  and  operate  under  heads  of  about  60 
ft  each.     They  are  of  simple  design  with  details  thoroughly 
Tked  out  and  present  in  themselves  no  very  striking  features. 
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The  hydraulic  design  is  in  each  case  comparatively  simple  except 
in  the  case  of  the  upper  plant,  known  as  No.  4,  in  which  a  tunnel 
some  500  yd.  long  had  to  be  cut  to  give  ready  access  to  the  fore- 
bay.  Such  tunnels  are  common  in  the  far  West  but  a  decided 
rarity  east  of  the  Rockies.  The  inauguration  of  service  from 
these  new  plants^  with  the  interconnection  and  extension  of  trans- 
mission lines  throughout  a  large  part  of  central  and  western 
Massachusetts,  means  a  great  deal  to  the  consumers  of  low-priced 
energy  in  the  populous  municipalities  of  this  intensely  active 
manufacturing  and  commercial  region,  and  the  proposed  exten- 
sion of  a  i20,ooo-volt  system  into  Rhode  Island  gives  a  new  angle 
of  outlook  on  the  future  of  wholesale  electrical  distribution  in  the 
territory. 

Active  construction  woric  has  been  begun  on  the  Coon  Creek 
Rapids  development  in  the  Mississippi  River,  11  miles  northeast 
of  Minneapolis,  where  a  X2,ooo-hp.  plant  is  to  be  erected  by 
H.  M.  Byllesby  &  Co.,  to  furnish  additional  power  to  their 
Minneapolis  and  St  Paul  properties.  The  dam  is  being  built 
under  a  so-year  permit  granted  by  the  United  States  Government, 
which  requires  that  the  army  engineers  supervise  the  design, 
construction  and  operation  of  the  development.  The  dam  will 
consist  of  an  earth  embankment  with  core  walls  600  ft.  long, 
power  house  arid  retaining  section  470  ft.  long,  including  sluice- 
gates, log  chute  and  fishway,  and  spillway  section  1000  ft.  long, 
making  the  total  length  of  the  structure  2070  ft.  This  work  will 
involve  20,000  cu-ft.  of  earth  embankment  and  approximately 
45,000  cu-yd.  of  steel-reinforced  concrete. 

To  secure  a  suitable  and  safe  foundation,  8000  round  wooden 
piles  will  be  driven  down  to  firm  foundation.  About  100  tons 
of  interlocking  sheet-steel  piling  will  also  be  used  in  lieu  of  a 
cut-off  wall  for  retention  of  water  in  the  reservoir  and  prevention 
of  under-cutting  of  the  dam.  In  order  to  provide  for  the  greatest 
possible  head  at  all  stages  of  river  flow,  at  the  same  time  prevent- 
ing excessive  flood  heights,  Tainter  g^tes  are  to  'be  used  for 
regulating  the  water  level  in  the  reservoir.  Twenty-eight  of 
these  33-ft.  steel  gates,  each  weighing  12,000  lb.,  will  be  erected 
between  reinforced-concrete  piers  built  on  the  spillway  portion 
of  the  dam.  The  fishway  designed  in  accordance  with  Govern- 
ment requirements,  will  provide  for  the  free  passage  of  fish  up 
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and  down  stream,  and  the  log  sluice  will  afford  a  convenient 
means  of  passing  logs  by  the  dam. 

The  first  installation  in  the  power  house  will  aggregate 
I2.O0O  hp.,  transmitting  to  Minneapolis  at  13.300  volts,  thus  tying 
in  directly  without  transformers  with  the  general  distribution 
system  of  the  Minneapolis  Gerteral  Electric  Co.  at  its  Riverside 
steam  plant.  The  transmission  line  to  Minneapolis  will  be  erected 
for  part  of  the  distance  on  private  right  of  way  and  partly  along- 
side the  new  tracks  of  the  Minneapolis  &  Northern  Railroad. 

All  of  the  large  generating  companies  on  the  Canadian  side 
of  Niagara  Falls  have  been  engaged  in  building  extensions  to 
their  systems  with  a  view  to  utilizing  all  the  water  available  for 
power  purposes  under  the  existing  treaty.  The  Toronto  Power 
Co.  has  a  number  of  new  units  already  in  place  and  this  year 
will  complete  its  station,  which  will  have  equipment  aggregating 
125,000  hp.  A  new  line  fitted  with  pin  insulators  and  operated 
at  85,000  volts  will  also  be  in  operation  between 'Niagara  Falls 
and  Toronto.  The  Canadian  Niagara  Power  Co.  is  completing 
its  station  building  and  installing  additional  units.  It  will  expend 
$1,250,000  in  the  next  two  years  in  enlarging  the  forebay  so  as 
to  be  able  to  get  enough  water  to  generate  all  the  electricity  that 
it  can  dispose  of  under  the  treaty.  The  station  of  the  Ontario 
Power  Co.  has  been  doubled  in  size  and  will  shortly  be  com- 
pleted, and  with  the  installation  of  two  i2,C)0O-kw.  units  now  on 
order  the  company  will  be  using  almost  all  of  the  water  granted 
to  it  by  the  Dominion  government. 

Approval  has  recently  been  secured  from  the  Public  Service 
Commission  for  the  Second  District  of  New  York  State  for  the 
transfer  to  the  Niagara,  Lockport  &  Ontario  Power  Co.  of  the 
capital  stock  of  the  Salmon  River  Power  Co.  This  secures  to  the 
Niagara  company  the  hydro-electric  development  on  the  Salmon 
River,  which  is  now  under  construction,  some  40  miles  north  of 
Syracuse. 

( )ne  of  the  iirovisioiis  in  the  formal  consent  of  the  Commis- 
sion is  that  in  any  investigation  or  inquiry  by  the  Commission  or 
other  lawful  authority  into  the  rates  or  charges  for  any  electric 
energy  generated  at  the  Salmon  River  plant,  whether  such  rates 
arc  made  by  the  Niagara  company  or  by  any  other  person  or 
corporation,  the  rental  provided  by  the  lease  shall  not  be  deemed 
as  material  or  conclusive  in   any  respect  as  to  the  reasonable 
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price  or  rate  to  be  charged  for  energy  to  the  consumer,  and  the 
Commission  will  be  at  full  liberty  to  inquire  into  the  actual  cost 
of  generation  and  base  its  determination  upon  such  cost  and 
other  material  facts  without  regard  to  the  rental. 

The   acquirement  of   the    Salmon    River   property   by   the 
Niagara,  Lockport  &  Ontario  Power  Co.  was  deemed  necessary 
in  view  of  the  increasing  demand  for  electrical  energy  in  the 
Syracuse  district  and  the  desirability  of  avoiding  the  construction 
at  great  expense  of  a  new  transmission  line  from  Niagara  Falls 
to  Syracuse,  a  distance  of  154  miles.    The  plans  for  the  initial 
development  of  the  Salmon  River  project  include  a  generating 
plant  of  15,000  hp.  present  capacity,  42  miles  of  60,000- volt,  two- 
circuit,  steel-tower  transmission  line  and  a  storage  reservoir  of 
1,000,000    cu.    ft.    capacity.      The    Salmon    River    Co.    owns 
approximately  8000  acres  of  land,  situated  about  42  miles  north- 
east of  Syracuse,  including  the  river  bed  of  the  Salmon  River 
for  a  distance  of  approximately  12  miles,  in  which  distance  the 
river  has  a  fall  of  330  ft.    A  concrete  dam  600  ft.  long  is  being 
built  on  solid  rock  foundation  in  order  to  create  the  reservoir 
which  will  have  a  superficial  area  of  about  four  square  miles.  The 
storage  capacity  can  be  more  than  doubled  by  raising  the  dam 
II  ft.     The  drainage  area  above  the  dam  is  191  square  miles  in 
extent  and  lies  on  the  westerly  slope  of  the  Adirondacks  in  a 
region  which  has  one  of  the  heaviest  rainfalls  in  the  state.    The 
transmission  line  will  be  carried  on  private  right-of-way,  suffi- 
ciently wide  to  permit  of  a  duplicate  tower  line.    The  Niagara, 
Lockport  &  Ontario  Co.  is  now  operating  its  transmission  system 
at  practically  the  full  capacity  of  60,000  hp.     By  supplementing 
the  Niagara  supply  with  the  energy  transmitted  from  the  Salmon 
River  development  the  company  asserts  that  it  will  not  only  be 
in  a  position  to  increase  its  business  in  Buffalo  and  in  the  territory 
between  Buffalo  and  Syracuse,  but  will  also  be  able  to  improve 
the  quality  of  service  in  the  Syracuse  district. 

The  boldest  project  on  the  American  map  at  the  moment  is 
the  Hetch-Hetchy  water  supply  and  power  generating  project 
for  San  Francisco,  for  which  a  400-page  report  prepared  by  the 
well-known  engineer,  Mr.  John  R.  Freeman,  has  been  filed  with 
the  Secretary  of  the  Interior  by  the  city  authorities.  The  project 
has  been  met  with  strenuous  objections,  chiefly  on  the  score  that 
it  condemns  a  beautiful  valley  to  utilization  purposes.    The  water 
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power  it  is  proposed  to  develop  at  three  advantageous  points  to 
the  extent  of  157,000  hp.  available  24-hours  daily  the  year 
around,  with  200,000  hp.  available  on  peaks.  The  transmission 
line  would  be  erected  chiefly  along  the  aqueduct  rights-of-wq, 
150  miles  to  San  Francisco  and  135  miles  to  Oakland. 

The  city  proposes  to  build  a  masonry  reservoir  dam  about  300 
ft.  in  height  above  the  river-bed  in  the  narrow  gorge  at  the  outlet  of 
the  Hetch-Hetchy  Valley,  by  which  the  water  can  be  raised  about 
270  ft.  above  the  nearly  level  floor  of  the  valley.  An  aqueduct  wiD 
be  constructed  from  this  reservoir  to  the  city  of  San  Frandsco, 
largely  in  the  form  of  a  tunnel  about  10  ft.  in  finished  diameter, 
mostly  deep  beneath  the  surface  of  the  ground.  The  proposed 
aqueduct  between  the  Hetch-Hetchy  and  the  Irvington  gatehouse 
on  the  hillside  overlooking  San  Francisco  Bay  is  designed  to 
deliver,  by  force  of  gravity,  without  pumping,  a  quantity  of 
water  somewhat  in  excess  of  400,000,000  gal.  daily,  and  under 
extreme  conditions  possibly  500,000,000  gal.  per  day.  The  com- 
munities to  be  supplied  will  require  in  the  immediate  future  for 
domestic  and  municipal  purposes  but  a  small  fraction  of  the 
quantity  of  water  which  can  be  transmitted  by  the  ultimate  devel- 
opment, and  according  to  present  plans  some  of  the  surplus  will 
be  made  available,  at  a  moderate  meter  rate,  for  irrigation,  prin- 
cipally in  connection  with  intensive  farming  and  truck  gardening 
in  the  San  Francisco  district. 

The  portion  of  tunnel  about  12  miles  in  length  next  down 
stream  from  the  Hetch-Hetchy  dam  will  be  delayed  in  construction 
for  some  years,  and  meanwhile  the  city  proposes  to  divert  the 
water  from  the  main  Tuolumne  River  by  means  of  a  temporary 
dam  at  a  point  about  i}^  miles  upstream  from  the  confluence  widi 
Oierry  Creek.  Tributary  reservoirs  will  ultimately  be  created 
at  two  sites,  one  at  Lake  Eleanor  and  the  other  at  Cherry  Creek, 
discharging  into  the  Hetch-Hetchy  through  an  8-ft.  underground 
tunnel. 

The  city  does  not  propose  in  the  immediate  future  to  con- 
struct any  plant  for  the  development  of  hydro-electric  power, 
but  plans  to  conserve  carefully  all  reasonable  opportunities  for 
power  development  against  the  time  when  it  may  become  expe- 
dient to  undertake  such  developments. 

We  shall  have  a  lecture  during  this  Convention  from  the 
distinguished  engineer  Mr.  Hugh  L.  Cooper  on  the  work  at 
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Keokuk,  la.,  where  the  Mississippi  River  Power  Co.  is  develop- 
ing its  splendid  plant,  with  an  initial  rating  of  150,000  hp.  and 
an  ultimate  rating  of  240,000  hp.  at  a  cost  of  about  $25,000,000. 
Taking  advantage  of  the  prospect  of  this  cheap  hydro-electric 
energy  from  a  source  140  miles  away,  the  Union  Electric  Light 
&  Power  Co.,  of  St.  Louis  has  issued  an  interesting  booklet 
entitled  "Our  Dream  Comes  True,"  and  referring  to  St.  Louis 
under  the  title  "A  City  of  Power  Without  a  Peer."  It  is  related 
that,  after  years  of  planning,  St.  Louis  will  shortly  have  elec- 
trically transmitted  energy  from  the  Mississippi  River  in  a  practi- 
cally unlimited  amount.  It  is  intended  to  make  St.  Louis  one  of 
the  great  energy  markets  of  the  world.  The  hydro-electric  energy 
will  be  distinguished  from  steam-produced  electricity  by  the  desig- 
nation "unrefined."  It  will  be  supplied  to  customers  in  blocks 
of  200  kw.  or  over  in  the  form  of  13,200- volt,  25-cycle  energy. 
The  purchaser  must  provide  or  pay  for  his  own  transformer 
installation.  Under  these  conditions  the  net  rate  for  this  energy 
will  be  $20  per  kw.  per  year  for  the  first  200  kw.  of  demand  and 
$15  per  kw.  demand  per  year  for  all  excess,  plus  an  energy  charge 
of  0.5  cent  per  kw-hr.  Comprehensive  distribution  plans  have 
been  worked  out  providing  that  the  "unrefined"  energy  shall  be 
available  in  all  parts  of  St.  Louis  for  manufacturing  purposes. 

Pending  the  delivery  to  the  St.  Louis  company  of  the  hydro- 
electric energy,  the  company  has  offered  to  enter  into  contracts 
at  the  wholesale  high-potential  rate  mentioned,  delivering  the 
energy  in  the  meantime  from  its  Ashley  Street  generating  plant. 
When  completed  the  Keokuk  plant  will  have  a  rating  of  100,000 
kw.  or  over,  and  ultimately  60,000  kw.  of  this  or  more  will  be 
transmitted  to  St.  Louis,  a  distance  of  about  160  miles. 

In  somewhat  similar  manner,  the  Milwaukee  Electric  Rail- 
way &  Light  Co.  placed  in  effect  last  year  a  new  schedule  of  rates 
for  electrical  energy  supplied  exclusively  from  hydro-electric 
sources,  under  t^rms  somewhat  unusual  and  interesting.  .Energ>' 
is  delivered  at  a  rate  of  not  less  than  200  kw.,  without  any  guar- 
antee of  continuity  of  service,  and  subject  to  the  vicissitudes  of 
hydro-electric  generation,  long-distance  transmission  and  trans- 
formation. Only  customers  whose  load  consists  of  motors  and 
miscellaneous  lighting  are  permitted  to  contract  for  this  form  of 
service.  Electrical  energy  is  delivered  at  a  pressure  of  approxi- 
mately 13,200  volts,  3-phase  alternating  current,  at  a  frequency 
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of  25  cycles ;  or  in  place  of  the  delivery  voltage  stated  above  ibc 
pressure  may  be  any  other  transmission  voltage.  The  customer 
is  required  to  furnish  the  transformers,  switching  apparatus  and 
lightning  protection,  of  a  type  or  types  to  be  approved  by  the  com- 
pany. The  latter  states  that  this  service  should  be  taken  only  by 
customers  having  their  own  steam  plants  to  serve  as  emergenq 
reserve,  and,  furthermore,  the  service  is  offered  only  where 
delivery  can  now  readily  be  made  and  the  company  does  not 
obligate  itself  to  extend  its  underground  transmission  system  to 
make  delivery. 

The  form  of  rate  schedule  consists  of  a  demand  charge  plus 
an  energy  charge,  with  a  minimum  bill  and  discount  for  prompt 
payment.  The  demand  charge  is  $20  per  kw.  per  year  for  the 
first  200  kw.  and  $15  per  kw.  per  year  for  all  demand  in  excess 
of  200  kw.  payable  in  equal  monthly  instalments.  The  energy 
charge  is  7  mills  per  kw-hr.  for  all  energy  consumed  during  each 
month ;  the  minimum  annual  demand  charge  is  $4,000.  On  bills 
paid  within  ten  days  a  discount  of  5  per  cent  is  allowed  on  the  first 
$25  of  all  bills,  and  i  per  cent  on  amounts  in  excess  thero^f. 
The  company  limits  the  amount  of  hydro-electric  power  to  be 
sold  to  10,000  kw.  A  customer's  demand  is  determined  as  the 
maximum  rate  at  which  energy  is  used  for  any  period  of  15  con- 
secutive minutes,  and  may  be  ascertained  at  the  option  of  the 
company  by  counting  the  revolutions  of  the  watt-hour  meter  disc, 
or  by  printing  the  watt -hour  meter  readings  at  quarter-hour  inter- 
vals, or  by  the  curve  drawn  by  a  recording  wattmeter.  The 
maximum  demand  charge  during  any  month  is  not  less  than 
that  computed  from  the  basis  of  75  per  cent  of  the  maximum 
charge  during  any  previous  month  of  the  contract  period.  0>n- 
sumers  are  not  permitted  to  sell  or  otherwise  dispose  of  any  of 
the  energy  to  any  individual  or  corporation  without  the  consent 
of  the  company.  The  measuring  instruments  or  apparatus  for 
detenu ining  the  customer's  demand  and  consumption  are  supplied 
by  the  company  and  are  connected  on  the  primary  side  of  the 
customer's  transformers  or  other  equii)ment. 

If  the  company's  measuring  instruments  should  fail  at  any 
time  to  register  the  energy  used,  the  amount  for  the  month  dur- 
ing which  a  stoi)page  may  occur  is  computed  at  the  same  average 
rate  as  for  the  two  months  next  preceding,  or,  if  energy  has  not 
been  supplied  during  tiie  two  ])receding  months  at  a  normal  rate. 
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then  the  next  succeeding  period  of  two  months  is  used  as  a  basis. 
Proper  allowance  is  also  made  in  case  energy  has  not  been  used 
regularly  during  the  months  in  which  the  stoppage  occurred. 
Provision  is  included  in  the  standard  form  of  contract  whereby 
the  company  may  suspend  the  delivery  of  energy  on  Sundays  and 
I^al  holidays  for  the  purpose  of  making  repairs^  changes  or 
improvements  upon  any  part  of  its  generating  or  distributing 
system,  provided,  however,  that  reasonable  notice  is  given  to  the 
consumer.  In  the  case  of  shut-downs  of  the  last-mentioned  char- 
acter no  reduction  of  the  demand  charge  is  permitted. 

A  GLANCE  ABROAD 

Having  now  touched  on  some  of  the  typical  "high  spots  of 
recent  American  hydro-electric  development,  and  recent  power 
transmission  work,"  we  may  take  a  swift  glance  abroad  as  to 
Mrhat  is  doing  there,  and  get  a  few  quick-shutter  impressions  of 
work  not  less  notable  than  our  own  for  boldness  and  progressive- 
ness.  Canada  is  of  course  nearest  home.  The  National  Hydro- 
Electric  Co.  has  taken  further  steps  toward  supplying  Montreal 
with  power  from  its  proposed  plant  at  Carillon  Falls,  Quebec. 
A  small  plant  is  already  in.  operation,  but  it  is  planned  to  build  a 
very  extensive  installation,  which  Mr.  Miles,  the  president  of  the 
company,  declares  will  cost  $10,000,000  and  will  be  capable  of 
developing  160,000  hp.  Power  from  the  small  plant  is  to  be 
used  for  the  construction  of  the  larger  one  and  also  to  supply 
neighboring  municipalities.  The  company  has  a  Dominion  char- 
ter, enabling  business  to  be  done  in  the  Province,  and  application 
has  now  been  made  to  the  Provincial  Legislature  to  grant  the 
right  of  placing  poles  and  wires  in  municipalities  without  dealing 
with  each  one  in  particular.  The  right  is  also  sought  to  use  the 
Montreal  conduits  for  the  company's  circuits.  Among  the  places 
in  which  the  company  asks  permission  to  operate  are  Assomption, 
Terrebonne,  Two  Mountains,  Jacques,  Cartier,  Laval,  Montcalm, 
Joliette,  Berthier,  Richelieu,  Missisquoi,  Vandreuil,  Argenteuil, 
Soulanges,  Chambly,  Chateauguay,  Beauharnois,  Ottawa,  Iber- 
ville, St.  John  and  Labelle.  The  first  issue  of  bonds  and  dcbent- 
iires  is  $12,000,000. 

Plans  are  under  way  by  the  Nova  Scotia  Power  Co..  Kent- 
ville,  N.  S.,  for  the  construction  of  a  hydro-electric  plant  at  White 
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Rock,  at  the  head  of  the  Gaspereau  Valley,  for  the  supply  of  elec- 
trical energy  to  Halifax  and  the  towns  of  Kentville,  WolfviDe, 
Windsor,  Canning  and  Middleton.  The  project  calls  for  the  utili- 
zation of  a  drainage  area  of  about  i6o  sq.  miles  on  the  so-called 
South  Mountain  watershed,  lying  from  50  to  75  miles  west  of  the 
city  of  Halifax,  and  includes  the  interconnection  of  a  double  chain 
of  reservoirs  and  lakes  and  the  construction  of  a  main  dam  at 
the  foot  of  Gaspereau  and  Murphy  Lakes,  with  canal  and  flume 
facilities  connecting  with  Little  River  Lake  and  the  power-house 
site.  About  3  miles  of  canal  and  5  miles  of  flume  are  to  be  built, 
and  the  developed  head  at  the  generating  plant  is  to  be  about 
475  ft.  A  steel  penstock  about  2000  ft.  long  will  be  installed  at 
White  Rock,  with  a  forebay  at  the  top.  About  twenty  lakes  arc 
involved  in  the  storage  scheme  and  the  total  power  available  is 
estimated  at  18,000  hp.  with  the  ultimate  development.  The  prin- 
cipal dam  will  be  at  Beaver  Brook,  and  will  be  about  6000  ft 
long  and  25  ft.  in  height.  According  to  present  plans,  a  60,000- 
volt,  steel-tower  line  will  be  built  between  the  power  house  and 
Halifax.  The  intermediate  territory  is  now  supplied  with  elec- 
trical facilities  from  a  number  of  small  and  relatively  inefficient 
steam  plants  giving  no  day  service.  These  will  be  shut  down 
entirely  and  a  considerable  agricultural  business  will  be  estab- 
lished, including  the  operation  of  numerous  apple  and  potato 
hoists  in  the  Annapolis  and  Cornwallis  valleys,  the  former  crq) 
averaging  from  1,000,000  to  1,500,000  barrels  per  year.  The 
utilization  of  a  substantial  amount  of  energy  in  Halifax  is 
expected. 

Continuing  within  the  British  domain,  it  may  be  noted  that 
ambitious  projects  are  being  contemplated  or  carried  out  at  the 
Antipodes.  Among  the  schemes  under  consideration  by  the  offi- 
cers of  the  Public  Works  Department  of  New  South  Wales,  is  a 
project  for  generating  electrical  energy  at  one  of  the  coal  fields 
in  the  southern  part  of  the  State  for  delivery  to  the  populated 
areas  not  now  served  by  the  Sydney  City  Council.  They  arc  also 
considering  the  establishment  of  electrochemical  industries  for 
the  manufacture  of  calcium  carbide,  cyanamide  and  caustic  soda. 
Tt  is  estimated  that  the  demand  for  electrical  energy  by  the  State 
enterprises  and  by  the  municipalities  and  private  enterprises  in 
the  southern  area  will  be  so  great  that  it  will  be  imperative  for 
the  government  to  take  the  matter  in  hand.    The  scheme  just 
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mentioned  provides  for  the  joint  utilization  of  the  State  coal  and 
water-power  resources  through  the  establishment  of  a  generating 
station  in  each  of  the  important  coal  fields  and  upon  those  streams 
which  may  be  depended  on  to  provide  sufficient  power  to  justify 
their  commercial  development  It  has  been  proposed  that  the 
scheme  be  launched  with  the  initial  establishment  of  a  large  plant 
at  some  convenient  point  on  the  southern  coal  field,  either  at  Picton 
or  WoUongbng.  The  general  plan  contemplates  that  this  station 
will  eventually  be  linked  by  transmission  lines  with  stations 
at  Burrinjuck,  on  the  Shoalhaven  River,  and  in  the  other  coal 
fields.  Towns  along  the  routes  of  the  transmission  system  or 
within  reasonable  distance  would  be  supplied  with  service. 

New  Zealand  is  an  area  of  large  water  powers,  but  its  elec- 
trical enterprises  seem  to  have  suffered  a  good  deal  from  being 
in  the  hand  of  the  government  with  the  consequent  suppression 
of  individual  initiative  and  enterprise.  This  is  demonstrated  by 
the  available  statistics.  Being  a  well-watered  and  mountainous 
country,  New  Zealand  is  rich  in  water-power  resources.  Accord- 
ing to  statistics  for  1910,  supplied  by  the  machinery  department  of 
the  government,  the  total  development  of  water  power  in  New 
Zealand  is  only  19,353  hp.  This  represents  only  9.5  per  cent  of 
.the  total  present  power  supply  (exclusive  of  railways)  in  New 
Zealand,  amounting  to  204458  hp.  of  which  150,000  hp.  or  73.4 
per  cent,  is  supplied  by  steam  engines,  23,456  hp.  or  11. 5  per  cent, 
by  gas  engines,  and  11,512  hp.  or  5.6  per  cent,  by  oil  engines. 

Among  the  larger  proposed  hydro-electric  developments  is 
one  at  Lake  Coleridge,  of  14,000  hp.  which  is  very  favorably 
situated  for  water  storage,  inasmuch  as  the  lake  has  an  area  of 
14  sq.  miles.  The  energy  will  be  transmitted,  according  to  the 
plans,  to  Christchurch,  70  miles  distant.  Next  in  importance  is 
a  proposed  development  on  the  upper  Hutt  River,  of  about  17,- 
000  hp.  for  the  benefit  of  Wellington  and  other  towns  in  the 
vicinity,  requiring  a  31 -mile  transmission.  The  Lake  Coleridge 
plant  would  operate  with  a  470-ft.  head  and  the  latter  with  a 
28s-ft.  head.  Another  scheme  contemplates  a  large  development 
at  Lake  Rotoiti  in  the  hot-springs  district,  with  a  170-mile  trans- 
mission to  Auckland,  delivering  26,000  hp.  Several  other  projects 
of  a  more  ambitious  character  have  been  proposed,  but  are  not 
seriously  considered  at  present  and  are  not  likely  to  be  until  the 
population  increases. 
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The  demand  for  electricity  for  industrial  purposes,  such  as 
for  factories,  mining,  tramways  and  street  lighting-,  and  {or 
domestic  lighting,  heating  and  cooking,  is  increasing  constaiitl). 
The  public  has  become  so  educated  to  the  use  of  electricity  that 
the  need  for  its  cheap  development  by  water  power  is  weB 
recognized  by  the  government  authorities,  who  now  feel  that 
unless  they  are  prepared  to  permit  private  capital  to  establish 
water-power  works,  they  can  no  longer  refrain  from  committing 
themselves  to  the  necessary  expenditures  and  risks. 

Among  the  electrochemical  industries  suggested  for  New 
Zealand  in  connection  with  the  development  of  its  water  power 
is  the  manufacture  of  calcium  carbide,  the  imports  of  which  are 
increasing  each  year,  having  been  898  tons  in  1907,  932  tons  in 
1908  and  1667  to"s  in  1909.  The  local  manufacture  of  this 
article  would  be  favored  by  the  fact  that  the  freight  rate  on  it 
from  Europe  to  New  Zealand  and  Australia  is  very  heavy.  Prob- 
ably of  still  greater  importance  to  New  Zealand  is  the  ix>ss]bility 
of  electric  smelting  of  iron  and  steel,  as  the  country  is  fortunate 
in  having  iron-ore  deix)sits,  and  the  necessary  limestone  flux, 
within  easy  reach  of  water  power. 

A  recent  article  in  the  Elektrotechnische  Zeitschrift  fry  Mr. 
A.  Van  der  Haue  gives  an  excellent  summary  and  historical  review 
of  the  (leveloj)nients  of  electrical  supply  on  the  Witwatersrand  in 
the  Transvaal,  South  Africa.  Two  stations,  one  for  2500  kw. 
and  the  other  for  3700  kw.  were  erected  as  early  as  1895,  but 
were  not  very  successful  on  account  of  the  Boer  war.  In  1906 
great  interest  was  aroused  by  a  scheme  to  develop  the  Victoria 
Falls,  where  from  300,000  hp.  to  600.000  hp.  is  available.  But, 
for  financial  reasons,  the  scheme  was  not  carried  out,  especially 
as  sufficiently  large  contracts  for  power  could  not  be  obtained 
in  advance  to  justify  the  very  large  outlay  of  money.  It  was 
then  decided  to  erect  steam  stations  since  coal  is  rather  cheap 
in  the  Transvaal.  The  erection  of  new  plants  was  turned  over 
by  the  English  company  to  the  AUgemeine  Elektricitats  GescU- 
schaft,  of  Berlin.  In  1903  there  were  on  the  Witwatersrand  307 
generators  with  an  aggregate  rating  of  20,000  kw.  In  1909  there 
were  506  generators  with  76,000-kw.  rating.  The  number  of 
motors  increased  at  the  same  time  from  724  to  3022.  The  increase 
in  the  next  years  should  have  been  still  greater.  When  the  new 
stations  of  the  Victoria  Falls  &  Transvaal  Power  Co.  are  finished 


89 

it  will  be  able  to  sell  SOo,cxx),ooo  kw-hr.  per  year  to  the  different 
£^old  mines  in  the  district.  According  to  the  Transvaal  power 
act  of  19 1 o,  25  per  cent  of  the  net  earnings  of  an  electric  station 
must  be  distributed  among  the  consumers,  while  the  station  is 
also  obliged  to  revise  the  tariff  from  time  to  time  and  to  make 
changes  when  necessary.  The  Victoria  Falls  &  Transvaal  Power 
Co.  furnished  up  to  January.  191 1,  electrical  energy  at  1.5  cents 
per  kw-hr.  During  191 1  the  price  was  1.12  cents  per  kw-hr. 
On  Oct.  I,  19 1 2,  it  was  to  be  reduced  to  1.05  cents  per  kw-hr. 
The  central  stations  expect  to  get  a  load-factor  of  at  least  70 
per  cent,  while  the  gold  mines  expect  to  save  from  16  to  24  cents 
in  the  expense  for  energy  per  ton  of  ore. 

Turning  to  the  Continent  of  Europe,  it  is  interesting  to  observe 
that  construction  has  begun  on  a  15,000-hp.  water-power  plant 
at  Martigny,  in  the  canton  of  Wallis,  Switzerland,  to  utilize  a  fall 
of  5400  ft.,  making  this  station  the  highest-head  water-power 
plant  in  the  world.  Special  interest  attaches  to  the  penstock  lines, 
which  are  three  miles  in  length.  The  upper  section,  which  will  be 
under  comparatively  light  hydraulic  pressure,  is  being  built  of 
welded  steel  pipe,  23.6  in  diameter.  The  lower  section,  which 
will  withstand  a  hydrostatic  pressure  of  nearly  2500  lb.  per  sq. 
in.  or  165  atmospheres,  is  to  employ  special  ingot-pressed  seamless 
steel  pipe.  The  tube  sections  vary  in  wall  thickness  from  1.24 
in.  at  the  top  to  1.77  in.  at  the  region  of  highest  pressure.  The 
turbines,  which  will  be  of  the  Pelton  type  and  have  a  total  rating 
of  15.000  hp.  will  be  furnished  by  Piccard,  Pictet  &  Co.,  of  Geneva. 
Of  some  interest  is  the  fact  that  with  the  S400-ft.  head  available 
at  this  plant  only  about  30  cu-ft.  of  water  per  second  will  be 
necessary  to  develop  the  full  15,000-hp.  output  of  the  station. 
In  speaking  of  Switzerland,  we  must  remember  that  it  is  still 
the  seat  of  the  transmission  of  energy  by  direct  current.  There 
and  in  Southern  France,  some  fifteen  Thury  plants  have  been 
installed  since  1890,  all  in  constant  and  successful  operation,  and 
one  of  them,  the  Montiers-Lyons  line,  having  a  112  miles  straight- 
away transmission  at  a  maximum  e.m.f.  of  57,600  volts,  which 
it  is  now  proposed  to  double.  An  excellent  summing  up  of  the 
situation  is  made  by  the  Electrical  World  as  follows :  'The  chief 
objection  to  the  system  from  a  constructural  standpoint  is  the 
relatively  small  size  in  which  the  units  must  be  built,  owing  to 
the  difficulties  of  commutation.     Designers  have  learned   from 
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experience  and  are  now  able  to  produce  direct-current  machines 
for  constant  current  for  voltages  rising  to  4000  or  5000,  an  outjmt 
of  probably  1000  kw.  or  even  2000  kw.  By  driving  two  machines 
by  a  single  prime  mover,  units  of,  say,  from  2000  kw.  to  4000 
kw.  therefore  become  available,  giving  8000  volts  or  lo^ooo  volts 
at  full  load.  The  constructural  features  of  a  Thury  station  are 
therefore  no  longer  forbidding.  With  five  or  six  units  one  could 
reach  50,000  volts  transmission  e.m.f.  at  15,000  kw.  or  20,000  kw. 
output,  a  size  adequate  for  the  vast  majority  of  transmission 
enterprises. 

"The  constructural  inconvenience,  on  account  of  the  necessity 
of  insulating  the  generators  from  earth  and  from  the  prime 
mover,  seems  to  have  found  a  successful  solution,  as  might  be 
expected  from  our  present  knowledge  of  insulating  materials. 
From  the  standpoint  of  general  energy  distribution  the  system 
is  a  peculiar  one.  It  is  unquestionably  capable  of  beautifol 
results  in  delivering  power  in  a  single  block.  It  also  presents  no 
difficulties  in  the  way  of  taking  off  moderate  amounts  of  power 
along  the  line,  there  being  no  troublesome  transformer  at  extreme 
voltage  to  install.  Yet,  on  the  whole,  it  is  much  less  convenient 
in  general  distribution  than  is  a  constant-potential  system.  To 
make  up  for  the  relatively  small  output  and  considerable  cost 
of  the  individual  generators,  the  cost  of  switchboard  appliances, 
no  inconsiderable  item  in  a  modern  3-phase  station,  become? 
almost  negligible.  The  generators  are  disconnected  by  short- 
circuiting  them  and  connected  iti  by  opening  the  short-circuiting 
switch.  The  whole  complex  and  bulky  switching  system  ordi- 
narily in  use,  therefore,  disappears,  and  it  is  at  least  a  question 
whether  the  abolition  of  this  serious  cause  of  trouble  and  expense 
does  not  fully  make  up  for  the  extra  cost  of  the  generators 
themselves. 

"WTien  it  comes  to  line  construction  the  series  direct-current 
system  has  some  important  points  in  its  favor.  Inductive  troubles 
on  the  line  all  disappear.  There  are  only  two  wires  instead  of 
three  to  insulate,  and  a  given  insulator  will  withstand  a  much 
higher  pressure  if  it  is  direct  than  if  it  is  alternating.  Some  time 
ago  Thury  carried  out  a  series  of  experiments  on  high  alternating 
and  unidirectional  voltages,  with  the  result  of  showing  that  on 
the  average  the  direct  voltage  necessar}-  to  flash  over  a  given  dis- 
tance is  double  the  alternating  voltage  required   for  the  same 
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distance.  In  other  words,  if  a  given  system  of  insulators  is 
adapted  for  an  alternating  e.m.f.  of,  say,  50,000  volts,  it  would 
carry  a  much  higher  unindirectionai  voltage.  Thury's  experi- 
ments indicated  practically  100,000  volts." 

The  matter  comes  to  a  head  in  the  bold  project  for  transmis- 
sion from  the  famous  TroUhattan  Falls,  Sweden,  to  Copenhagen, 
Denmark.  At  the  well-known  tourist  resort  of  Northern  Europe, 
with  an  available  head  of  108  ft.  and  a  flow  of  about  9000  cu.  ft. 
per  second,  for  which  the  existing  installation  was  planned, 
approximately  100,000  hp.  can  be  developed ;  and  the  plant  rep- 
resents about  75  per  cent  of  that  amount.  The  storage  basin  is 
Lake  Vanem,  the  third  largest  in  Europe,  with  an  area  of  2150 
sq.  miles,  and  an  outlet  in  the  Gota  River,  on  which  the  Falls 
are  situated.  The  transmission  at  50,000  volts  from  25  cycle 
generators  has  been  chiefly  to  Gothenburg  and  other  cities,  but 
lately  the  Danish  project  has  come  to  the  front  and  is  attracting 
world-wide  attention,  with  its  200  miles  of  transmission.  After 
very  careful  investigation  of  all  the  circumstances  and  the  prob- 
able costs  of  carrying  out  the  generation  and  transmission  of 
some  20,000  kw.  to  Copenhagen,  the  engineering  commission 
found  in  favor  of  the  Thury  direct-current  system  as  against  the 
ordinary  3-phase  system.  It  is  especially  worthy  of  note  also 
that  the  decision  was  not  only  in  favor  of  direct  current  but  also 
of  the  transmission  thereof  with  a  ground  return.  The  comparison 
was  made  on  the  basis  of  transmitting  about  20,000  kw.  at  fairly 
steady  load  into  Copenhagen,  and  the  comparison  of  costs  was 
made  between  3-phase  transmission  of  the  usual  sort  at  100,000 
volts  and  the  Thury  system  at  90,000  volts.  The  advantage  of 
the  latter  lies  in  the  relative  simplicity  of  the  insulation  problem, 
a  thing  which  comes  into  play  only  at  the  extremely  high  voltages 
necessary  for  the  economical  transport  of  energy  over  very  long 
distances.  A  large  and  steady  load  is  also  a  favoring  condition 
of  no  small  importance.  The  matter  of  insulation,  however, 
proved  the  determining  factor  in  the  case,  and  its  importance 
was  emphasized  by  the  situation  which  arises  near  the  receiving 
end  of  the  line.  The  Strait  of  Oresund  lies  between  Helsingborg, 
the  southern  terminus  of  the  proposed  land  line,  and  the  island  of 
Zealand,  on  which  Copenhagen  is  situated.  To  cross  this  strait, 
nearly  3J4  miles  wide,  cable  carrying  alternating-current  at 
100,000  volts  was  adjudged  an  utterly  impracticable  proposition. 
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It  therefore  became  necessary  to  plan  for  a  reducing  station  at 
Helsingborg,  bringing  the  pressure  down  to  20,000  volts  for 
transmission  under  the  strait,  beyond  which  it  could  either  con- 
tinue the  relatively  short  distance  to  Copenhagen  at  20,000  volts, 
or  the  electromotive  force  could  be  stepped  up  again  if  desirabk. 
On  the  other  hand,  submarine  cable  can  actually  be  obtained  for 
90,000  volts  direct  current,  according  to  the  Swedish  engineers, 
and  consequently  the  energy  could  be  carried  through  to  G)pcn- 
hagen  without  any  reduction  in  voltage  on  account  of  the  sub- 
marine work.  This  matter  alone  put  the  alternating-current 
project  at  a  disadvantage,  rendered  even  more  remarkable  by  Ae 
facility  with  which  a  grounded  line  can  be  used  in  operating  at 
constant  current. 

The  comparison  between  the  various  items  of  expense  in  the 
two  plans  is  a  very  instructive  one.  In  the  generating  station 
the  3-phase  equipment  had  the  advantage  in  first  cost,  as  migbt 
have  been  expected,  to  the  extent  of  nearly  30  per  cent,  owing  to 
the  necessity  of  using  more  units  and  more  expensive  units  with 
the  direct-current  scheme.  The  3-phase  units  were  sufficient  for 
the  alternating-current  plan,  while  the  Thury  system  required 
twenty  generators  in  four  groups,  each  coupled  to  a  5000-hp. 
turbine.  In  the  line  structure  the  tables  are  completely  turned, 
the  cost  of  the  direct-current  line  being  only  about  half  that  of 
the  alternating-current  line,  not  even  taking  into  account  the 
difference  in  the  cost  of  the  cables  and  the  presence  of  at  least  one 
extra  transformer  station  in  the  alternating-current  project.  The 
cables  for  the  3-phase  transmission  cost  two  and  one-half  times 
as  much  as  did  the  direct-current.  The  grand  total  for  the  alter- 
nating-current project  reached  $1,593,000,  as  against  $1,202,000 
for  the  direct-current  project  advised.  When  everything  was 
footed  up  for  the  rival  projects  the  estimated  annual  expense  for 
the  direct-current  transmission  was  $6.75  per  kw.  as  afcainst 
$12.43  P<^r  l^w.  for  the  3-phase  project,  to  say  nothing  of  the  fact 
that  the  multiple  transformations  necessary  with  the  latter  would 
cause  it  to  operate  at  a  lower  efficiency,  thus  yielding  a  materially 
small  amount  of  power  for  the  final  distribution. 

While  still  in  the  North  of  Europe  it  may  be  mentioned  here 
that  financiers  have  asked  pennission  of  the  Norwegian  govcm- 
nient  to  harness  the  Aura  and  Lilledal  Rivers,  east  of  Molde,  in 
I  he  Rt)nis(lalen  district,  Norway.     The  scheme  involves  the  crcc- 
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tion  of  a  dam  140  ft.  high  and  the  transmission  of  water  through 
a  tunnel  at  Sundalen,  where  200,000  hp.  could  be  developed. 
The  estimated  cost  of  the  project  was  $10,000,000  and  the  scheme 
if  carried  out  will  result  in  one  of  the  largest  hydro-electric  power 
.  plants  in  the  world.  It  is  also  to  be  reported  that  it  is  proposed 
to  develop  and  utilize  the  water  powers  of  Finland,  by  a  Belgian 
company  with  a  capital  of  $6,000,000. 

The  Prussian  government  also  comes  to  the  fore  with  a 
transmission  project  of  its  own  to  utilize  powers  which  it  controls. 
The  region  involved  is  one  in  the  vicinity  of  Cassel  and  covers 
an  area  more  than  60  miles  in  length  and  of  two-thirds  that  width. 
Primarily  the  network  utilizes  the  water  powers  on  the  Weser. 
The  project  includes  the  complete  supply  of  electrical  1  energy  to 
the  territory  mentioned  from  three  large  hydraulic  stations 
united  by  a  40,000-volt  transmission  system,  which  is  connected 
into  a  40,000-volt  distribution  network  with  nearly  a  score  of 
transformer  stations  reducing  the  pressure  to  6000  volts  for  the 
secondary  distribution.  From  the  hydraulic  standpoint  the  propo- 
sition presents  some  difficulties,  inasmuch  as  provision  at  two  of 
the  three  stations  has  to  be  made  for  large  variations  in  head — in 
one  case  by  providing  turbines  of  special  design  to  work  on  a 
head  varying  from  22  m.  to  41  m. ;  in  the  other  case  by  the  more 
desperate  resort  of  providing  two  sets  of  turbines,  one  for  work 
under  normal  ranges  of  head,  the  other  to  deal  with  cases  of 
extreme  high  water.  In  addition  to  these  hydraulic  stations, 
steam  reserve  is  obtained  at  the  municipal  electricity  works  in 
Cassel  and  Gottingen,  giving  a  distribution  network,  with  three 
hydraulic  and  two  steam  stations  available,  and  deliberately  de- 
signed from  the  start  to  cover  a  large  territory  completely.  The 
project  has  involved  considerable  difficulty  in  working  out  the 
details  on  an  economical  basis.  The  complete  cost  of  the  installa- 
tion runs  close  to  $2,500,000.  Financially  the  project  had  to  be 
considered  on  the  basis  of  the  result,  on  this  investment,  of  various 
possibilities  of  output  combined  with  various  degrees  of  complete- 
ness in  the  initial  plan.  It  turned  out,  as  it  usually  does  in  such 
cases,  that  the  indications  favored  the  carrying  out  of  the  complete 
scheme.  It  is  the  complete  undertaking,  therefore,  that  the  Prus- 
sian government  is  now  backing,  the  first  time  that  it  has  gone  into 
an  operation  of  this  kind  on  anything  like  so  extensive  a  scale. 
It  means  the  general  supply  of  electricity  to  a  large  and  impor- 
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tant  territory  by  the  organization  of  just  such  a  network  as  has 
become  familiar  in  American  practise.  The  project  is  based  on  i 
classified  system  of  rates  for  various  kinds  of  service,  the  list 
prices  varying  from  about  3.5  cents  to  about  10  cents  per  kw-hr., 
the  highest  figure  being  reached  for  private  lighting  and  the  low- 
est for  certain  classes  of  motor  service. 

With  regard  to  new  work  in  France,  the  g^reatest  project  is 
the  development  of  the  water  power  of  the  Rhone  River,  where  a 
power  plant  of  24,000  kw.  is  being  erected.  The  largest  part  of 
the  energy  is  to  be  transmitted  at  12,000  volts  to  Paris,  the  dis- 
tance being  430  km.  (260  miles).  The  principal  hydro-electric 
companies  of  France  have  combined  and  formed  a  syndicate. 
The  total  rating  of  the  water-power  plants  represented  in  this 
syndicate  is  now  575,000  hp.,  of  which  one  half  is  sold  for  light- 
ing and  industrial  purposes  and  the  other  half  is  used  in  electro- 
chemical and  electro-metallurgical  plants.  The  total  rating  of  the 
water  powers  available  in  France  is  estimated  as  5,000,000  hp. 
with  a  low-water  level,  and  of  10,000,000  hp.  with  average  water 
level.  A  great  deal  therefore  remains  to  be  done  to  utilize  this 
power.  Much  is  expected  from  the  electrification  of  railways, 
and  many  of  the  French  railway  companies  make  experiments,  but 
so  far  only  10,000  hp.  is  utilized  for  electric  traction  on  trunk 
railroads  in  the  French  Republic. 

Mr.  Martin  (continuing)  :  I  believe  you  are  all  aware  of 
the  fact  that  this  is  one  portion  of  my  Report  on  Progress,  the 
other  part  covering  tiie  general  progress  of  the  industry  having 
been  presented  at  the  first  general  session  yesterday. 

The  work  of  power  transmission,  however,  becomes  yearly 
more  and  more  important.  At  the  suggestion  of  your  prede- 
cessor, sir,  Mr.  Doherty,  two  years  ago,  I  took  up  the  work, 
dividing  the  report  into  two  sections,  one  being  devoted  to  the 
general  advance  of  the  industry,  and  the  other  to  that  part  of 
the  work  which  more  directly  interests  and  concerns  ourselves. 

My  report  makes  special  and  somewhat  extended  reference 
to  recent  events  in  New  York  State.  I  have  been  very  much 
interested  in  listening  to  the  remarks  of  my  friend  Mr.  Rush* 
more,  who,  if  T  gather  rightly,  does  not  altogether  approve  of 
the  publicity  campaign  which  was  conducted  through  our  Public 
Policy  Committee  uniier  the  auspices  and  with  the  approval  of 
this  Association.    I  myself  have  read  a  great  many  of  the  news- 
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paper  comments  upon  the  work  which  we  attempted  to  do  in 
educating  public  opinion  in  the  State,  trying  to  save  it  from  the 
suicidal  financial  policy  which  unfortunately  prevails  across  the 
line  in  Ontario.  Our  work  may  have  been  misdirected,  and  some 
of  the  newspapers  may  not  have  agreed  with  us.  We  have  in 
New  York  State  a  Governor  who,  perhaps,  in  spite  of  a  few 
frills  and  frivolities,  is  one  of  the  most  astute  politicians  in  the 
United  States,  and  I  believe  I  am  correct  in  stating  that  the 
Governor  has  vetoed  the  legislation  against  which  we  directed 
our  efforts.  I  think  he  has  his  ear  to  the  ground  as  well  as  I 
or  Mr.  Rushmore,  so  I  do  not  think  we  were  very  much  amiss  in 
what  we  tried  to  do. 

Mr.  Rushmore:  Mr.  Chairman,  may  I  be  allowed  just  one 
more  word.  I  wish  to  apologize  for  my  very  poor  expression.  I 
most  heartily  approve  of  the  activities  of  the  Public  Policy  Com- 
mittee. To  a  large  extent  I  most  heartily  approve  of  the  way 
they  went  at  it,  without  any  question  of  the  object;  and  it  lias 
been,  as  Mr.  Martin  stated,  very  successful;  but  if  any  one  will 
read  the  editorials  in  the  Knickerbocker  Press  of  Albany,  one 
of  the  most  widely  read  papers  in  that  part  of  the  country,  or 
the  other  papers  of  Albany  and  the  country  around  there,  he 
will  see  that  the  people  as  a  whole  did  not  understand  even  what 
the  National  Electric  Light  Association  is;  they  did  not  under- 
stand that  it  was  an  Association  of  operating  companies.  He 
will  be  convinced  by  those  editorials  that  the  activities  on  the  part 
of  the  Public  Policy  Committee  were  not  understood,  and  some 
very  unfortunate  and  erroneous  statements  were  printed  in  those 
papers. 

I  am  very  sorry  Mr.  Martin  did  not  understand  me,  because 
I  am  in  very  hearty  accord,  from  my  own  point  of  view,  with  the 
activities  of  this  organization.  I  could  not  but  regret  the  lack  of 
understanding,  and  also  the  lack  of  appreciation,  as  expressed  by 
those  papers,  of  the  motives  and  reasons  for  the  activity  of  this 
organization.    Do  I  make  myself  understood,  Mr.  Martin? 

The  Secretary:  Yes.  I  now  learn  to  my  great  pleasure 
that  Mr.  Rushmore's  reading  of  the  New  York  press  is  largely 
limited  to  the  Knickerbocker  of  Albany,  which  would  hardly  give 
him  a  correct  understanding  of  New  York's  opinion  as  the 
Empire  State.  I  am  very  glad  to  say  that  I  have  myself  read  a 
great  many  editorials  on  this  subject.    The  responsibility  was  not 
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mine,  although  I  had,  of  course,  a  little  to  do  with  it.  The  PuUk 
Policy  Committee  shouldered  the  whole  job,  and  did  a  migbtj 
good  job,  too,  for  we  turned  down  the  vicious,  iniquitous,  suicidal 
and  lunatical  legislation  that  was  proposed.  The  press  of  New 
York  was  by  no  means  unanimous  in  its  criticism  of  the  National 
Electric  Light  Association,  although  perhaps  it  was  not  quite 
sure  as  to  our  identity,  as  to  the  interests  represented,  or  the 
scope  and  importance  of  those  g^eat  questions  which  to-day  aflfea 
practically  every  central  station  enterprise  in  the  country. 

I  am  glad  to  see  that  my  friend  Dr.  Steinmetz  has  just  ccMne 
in,  because  I  want  to  call  attention,  if  I  may,  Mr.  Chairman,  to 
the  last  part  of  my  report. 

Without  expressing  any  opinion  of  my  own,  which  would  not 
be  worth  anything  if  I  did,  I  would  like  to  call  attention  to  the 
fact  that  some  of  the  most  distinguished  electrical  engineers  in 
Europe,  our  Swedish  brethren,  than  whom  there  are  none  more 
competent,  have  given  their  approval  and  support  to  a  proposition 
to  transmit  electrical  energy  from  the  great  Trollhattan  Falls,  one 
of  the  most  beautiful  spots  in  Europe.  These  are  being  utilized 
without  any  protest  on  the  part  of  the  public,  such  as  we  happco 
to  have  in  the  case  of  Niagara,  for  a  200-mile  transmission  by 
direct  current  in  preference  to  our  own  familiar  standard  unifonn 
3-phase  system.  There  must  be  some  very  great,  serious  under- 
lying reasons  which  will  justify  men  of  their  caliber  in  support- 
ing and  putting  their  names  to  a  proposition  of  that  character, 
and  I  can  hardly  imagine  any  question  which  should  be  of  more 
interest  here  this  morning  than  the  discussion  of  such  a  recom- 
mendation as  that.  Without  assuming  your  prerogative,  Mr. 
Chairman,  I  have  already  mentioned  the  name  of  the  gentleman 
who  perhaps  might  have  something  to  say  on  the  subject. 

Dr.  C.  p.  Steinmetz,  Schenectady:  Mr.  Chairman  and 
Gentlemen:  I  am  sorry  to  say  I  can  not  give  you  any  definite 
information  on  the  subject.  It  is  an  economic  question,  as  most 
engineering  questions  are;  whether  the  3-phase  system  or  the 
high  voltage  direct  current  is  the  more  economical.  I  have  not 
gone  over  the  details  of  this  proposed  Swedish  long  distance 
transmission  closely  enough  to  be  able  to  judge  whether  the  high 
voltage  direct  current  is  preferable  in  this  case..  I  have,  however, 
jL^one  over  a  very  considerable  number  of  long  distance  proposi- 
tinns  from  both  points  of  view,  and  so  far  T  have  not  found  a  ca?e 
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where  the  economic  advantage  would  be  in  favor  of.  the  high 
voltage  direct  current.  That  does  not  prove  anything,  however, 
because  there  may  be  cases  where  a  high  voltage  direct  current 
is  preferable,  and  for  a  very  long  distance  transmission  under 
special  conditions,  as  they  exist  here  in  this  case,  where  I  believe 
it  is  the  intention  to  cross  a  branch  of  the  ocean  by  submerged 
cable,  the  high  voltage  direct  current  would  appear  to  have  some 
advantages. 

However,  I  am  not  so  certain  that  those  Swedish  engineers 
are  not  making  a  mistake  in  adopting  the  direct  current.    You 
see  in  all  such  questions  there  are  two  things  to  be  considered; 
first,  how  much  it  would  cost  to  operate  a  3-phase  system,  the 
op>erating  charges  and  so  forth,  and  second,  how  much  it  would 
cost  to  operate  a  high  voltage  direct-current  system,  and  these  can 
be  determined  only  by  practical  experience.     In  this  country  we 
know,  and  elsewhere  they  know,  what  they  may  have  to  expect 
with  a  long  distance  3-phase  system.     We  know  that  nothing 
unexpected  will  occur.    The  relation  has  been  this.    The  3-phase 
system  and  the  direct-current  system  present  the  relation  between 
constant  potential  and  constant  current.    We  have  had  in  America 
a   very  great  amount  of  experience  with  both  systems,  while 
abroad  they  have  no  experience  with  constant-current  systems, 
because  all  arc  lighting  is  done  with  constant  potential.     My 
experience  with  constant  current  and  constant  potential  is  that 
we  never  use  the  constant  current  except  where  we  must  do  it  in 
city  arc  lighting,  and  I  believe  the  same  will  be  the  case  with  your 
constant  potential  and  constant  current  transmission ;  and  I  wish 
to  draw  your  attention  to  the  fact  that  many  advantages  of  the 
high  voltage  direct-current  system  can  be  secured  in  connection 
with  the  use  of  the  3-phase  system.    You  can  just  as  well  trans- 
mit with  a  ground  return,  eliminating  all  switching  devices,  by 
using  a  constant  alternating  current,  and  that  furnishes  some 
very  great  advantages. 

I  went  over  one  system  for  Victoria  Falls,  and  there  seemed 
to  be  a  considerable  advantage  in  that  case  in  using  a  constant 
alternating  current.  It  gives  the  advantages  claimed  for  the 
high  voltage  direct  current,  while  you  get  the  additional  ad- 
vantages of  the  ease  of  control  and  transformation  of  the  alter- 
nating current. 
11 — 4 
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To  sum  it  all  up,  while  1  do  not  believe  any  engineer  wouU 
take  the  stand  that  nowhere  is  there  any  econcxnic  chance  for  a 
high  voltage  direct  current  or  a  constant  alternating  currem 
system,  so  far  as  all  our  experience  goes,  theoretical  as.  well  as 
practical,  the  arguments  are  so  strongly  in  favor  of  a  constant 
ixjtential  3-phase  transmission,  that  without  extremely  strong 
arguments  in  favor  of  any  other  system,  it  is  hardly  conceivable 
that  a  practical  engineer  would  recommend  any  other  system  to- 
day. 

Mr.  Eric  A.  Lof^  Schenectady :  A  short  time  ago  I  had  die 
opportunity  of  speaking  to  one  of  the  engineers  who  prepared 
this  transmission  report  in  Sweden,  and  I  was  told  that  the 
problem  was  a  purely  economical  one,  and  that  they  took  a  stand 
in  favor  of  the  direct  system  because  they  could  use  a  higher 
transmission  voltage  with  direct  current,  on  account  of  having  a 
submerged  cable  for  three  and  a  half  or  four  miles.  It  was  not 
possible  to  get  any  manufacturers  to  build  cables  for  more  than 
90,000  volts  direct  current,  and  considerably  less  for  alternating 
current,  so  that  at  that  time  it  worked  out  to  be  a  gain  econom- 
ically to  use  the  direct  current.  However,  they  told  me  that 
from  an  operating  standpoint  it  would  be  inferior  to  the  3-phasc 
system.  I  have  spoken  to  a  number  of  Swedish  engineers  about 
the  proposition,  and  every  one  of  them  thought  that  the  trans- 
mission will  never  be  carried  out  with  direct  current,  in  spite  of 
the  fact  that  it  may  prove  somewhat  cheaper. 

Mr.  Arthur  Wright,  London:  My  experience  with  the 
direct-current  system  is  rather  old,  namely,  1881  to  1889;  **  ^s  in 
fact  very  ancient  history.  Perhaps  some  of  you  gentlemen  may 
remember  that  we  developed  a  constant-current  system  for  dis- 
tribution over  a  town  in  England  called  Brighton,  where  we 
supplied  a  few  thousand  lamps  pretty  satisfactorily.  That,  of 
course,  died  when  the  alternating  system  was  developed.  Since 
then  I  have  been  connected  with  this  transmission  proposition  in 
Victoria  Falls,  where  it  was  originally  suggested  that  we  should 
use  the  Thury  system,  and  most  of  us  from  the  very  start  thought 
that  it  was  a  very  serious  experiment  for  any  responsible  financial 
company  to  undertake,  in  such  a  distant  country  for  such  a  long 
transmission  line,  on  the  ground  that  at  that  time  no  generator 
unit  of  more  than  400-kilowatts  had  been  run  successfully  on  the 
Thury  system.    That  appeared  to  me  to  be  absolutely  fatal  to  any 
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proposition  which  involved  something  like  130,000-kilowatts 
transmission.  To-day  I  believe,  Mr.  Thury  has  successfully 
raised  the  unit  to  something  like  1500  kilowatts,  but  that  unit 
is  perfectly  ridiculous  when  talking  of  some  of  these  transmis- 
sion powers.  It  is  impossible  to  talk  of  dividing  100,000  kilo- 
^ratts  up  into  units  of  1500  kilowatts. 

It  seems  to  me  that  the  fatal  objection  to  this  system  is  the 
difficulty  of  commutation  in  units  bigger  than  1500,  though  even 
1500  is  by  no  means  negligible,  and  the  difficulty  of  commutation 
seems  to  have  been  lost  sight  of  in  this  Swedish  proposition. 
Nobody  seems  to  have  dealt  with  that  real  difficulty,  the  small 
units  that  they  have  to  use  in  connection  with  this  system. 

I  am  afraid  I  have  nothing  else  to  say  on  the  matter,  but  I 
quite  agree  with  Dr,  Steinmetz  about  the  almost  insurmountable 
difficulties  of  a  direct-current  transmission  system. 

Mr.  F.  B.  H.  Paine,  Buffalo :  As  a  matter  of  history,  it  is 
interesting  and  well  to  remember  that  the  first  power  transmis- 
sion in  this  country  was  with  a  constant-current  installation  in 
Nevada,  made  by  the  Brush  Electric  Co.,  and  I  think  it  was  some- 
where about  1888.  I  can  not  now  remember  the  size  of  the  units, 
but  they  were  approximately  that  of  the  then  largest  arc  machine, 
which  I  presume  was  about  62,000  candle  power  lamps. 

Mr.  Rushmore:  Mr.  Chairman,  I  would  just  like  to  go  on 
record  with  a  very  sincere  expression  of  appreciation  to  Mr. 
Martin  for  the  excellent  report  he  has  made,  and  formally  to 
voice  an  expression  of  thanks  for  the  Section. 

The  Chairman  :  If  there  be  no  further  discussion,  we  will 
pass  on  the  next  number,  which  is  that  portion  of  the  Prime 
Movers  Committee  report  relating  to  water  power.  This  will 
be  presented  by  the  Chairman  of  the  Committee,  Mr.  Moultrop. 

Mr.  I.  E.  Moultrop,  Boston:  I  regret  that  Mr.  J.  F. 
Vaughan,  who  was  chairman  of  the  sub-committee  responsible 
for  the  bulk  of  the  work  of  this  portion  of  the  report,  is  not 
present  to  present  it  himself.  However  I  will  do  the  best  I  can 
with  it. 
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REPORT  OF  THE  COMMITTEE  ON  PRIME 

MOVERS 

WATER    POWER 

In  continuing  the  work  of  last  year  your  Committee  has 
attempted  to  gather  sufficient  statistical  information  from  the 
various  member  companies,  as  well  as  from  outside  interests 
operating  water-power  plants,  to  serve  as  a  source  of  referena 
for  this  and  subsequent  committees,  and  has  taken  up  only  a  few 
special  subjects  for  report.  Your  Committee  has  also  called  upcm 
various  manufacturers  and  independent  engineers  for  informatioD 
on  these  special  subjects.  This  information  is  g^ven  in  the 
Appendix  practically  as  received.  Some  of  the  subjects  printed 
in  the  previous  reports  have  been  omitted  and  others  revised. 
The  special  subjects  taken  up  this  year  are  as  follows : 

TURBINES 

Vertical  versus  Horizontal  Units 

The  development  of  the  Kingsbury  thrust  bearing  and  recent 
improvements  in  the  design  of  water  wheel  runners  warrant  a 
revision  of  last  year's  report  on  this  subject.  The  Kingsbury 
bearing  is  an  oil  thrust  bearing,  similar  to  the  oil  pressure  type, 
but  with  its  stationary  disk  broken  up  into  segmental,  babbitted 
pads,  pivoted  on  their  lower  side,  utilizing  the  adhesion  of  the 
oil  to  the  rotating  surface  for  lubricating  the  bearing  surfaces, 
and  making  artificial  oil  pressure  unnecessary.  From  experience 
with  this  device  in  service  in  the  Pennsylvania  Water  and  Power 
Co.  plant  at  McCall's  Ferry,  and  from  exhaustive  tests  which 
have  been  made  elsewhere  fnim  time  to  time,  this  form  of  bear- 
ing appears  to  eliminate  the  troubles  and  uncertainties  which 
have  been  found  in  the  past  with  oil  pressure,  water  pressure, 
roller  and  other  fonns  of  thrust  bearings.  The  bearing  can  be 
installed  on  old  as  well  as  new  units,  and,  in  fact,  has  replaced 
oil  pressure  bearings  without  change  in  anything  but  the  disks. 
A    full   description   of  the  bearing  is  printed   in  Appendix  A. 

Another  development  in  the  line  of  thrust  bearings  is  the 
combined  oil  pressure  and  roller  form,  which  is  so  designed 
that  in  case  of  failure  of  the  oil  pressure  the  rollers  take  the 
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load.  Roth  these  types  of  bearing  are  to  be  used  in  the  Missis- 
sippi River  Power  Company's  new  plant  at  Keokuk,  Iowa. 

There  is  a  tendency  in  the  newer  plants  using  vertical 
units  to  place  the  thrust  bearing  on  the  top  of  the  generator,  so  as 
to  support  the  entire  revolving  element  with  the  shaft  in  ten- 
sion. The  advantages  of  this  arrangement  are  that  the  bearing^ 
is  accessible  and  the  shaft  free  from  compressive  stresses  which 
require  increased  diameter. 

Recent  improvements  in  design  have  made  it  possible  to  use 
single  runners  of  high  specific  speed,  in  place  of  multiple  runners 
in  vertical  units,  without  materially  affecting  the  cost  of  the  plant. 

Runner  Wear  and  Material 

In  continuing  the  investigation  of  deterioration  of  water- 
wheel  runners  your  Committee  has  obtained  information  and 
expressions  of  opinion  from  various  manufacturers  and  individual 
engineers,  which  are  given  in  Appendix  B-i,  2,  3,  4  and  5. 

The  four  materials  in  general  use  are:  Cast  iron,  bronze, 
plate  steel  cast  into  hubs  of  cast  iron  and  bronze  and  cast. steel. 
The  choice  of  material  is  governed  by  local  conditions  of  head, 
water  and  specific  speed,  it  being  a  generally  accepted  fact  that 
the  chief  cause  of  pitting  is  improper  design,  or  conditions  of 
loading  for  which  the  wheel  was  not  intended,  rather  than  the 
material  of  which  the  runner  is  made.  Erosion  should  be  dis- 
tinguished from  pitting,  as  the  former  is  due  to  the  abrasive 
action  of  foreign  material  in  the  water,  rather  than  to  design. 

The  principal  advantage  of  bronze  is  its  strength  and  the 
ease  with  which  it  may  be  cast.  Cast  steel  also  gives  strength 
and  toughness,  but  the  complicated  shapes  of  buckets,  excepting 
in  high-head,  Francis  type  runners,  make  it  difficult  to  obtain 
good  castings  with  this  metal.  Where  the  conditions  do  not 
require  great  strength  or  stiffness,  as  in  runners  of  high  specific 
speed,  both  cast  iron  and  composite  runners  are  satisfactory  and 
much  cheaper.  Aside  from  correct  design  the  question  of  run- 
ner material  is  still  open  to  discussion. 

Testing  of  Water  Wheels 

This  question  was  discussed  at  considerable  length  in  last 
year's  report.  To  supplement  this  discussion,  a  paper  by  Profes- 
sor C.  M.  Allen,  of  the  Worcester  Polytechnic  Institute,  is  g^iven 
in  Appendix  C. 
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Your  Committee  reconmiends  that  the  subject  of  continu- 
ous measurement  of  stream  flow  and  wheel  consumption  in 
operating  plants  be  further  investigated. 

Stop  Valves 

Recent  improvements  in  butterfly  valves  make  it  possible 
to-day  to  get  a  fairly  tight  valve  without  going  to  the  expense 
or  complication  of  the  gate  type.  This  type  of  valve  can  now 
be  obtained  in  almost  any  size  and  for  a  large  range  of  head. 

Another  type  of  penstock  valve  is  a  form  of  balanced  needle 
valve,  developed  by  Mr.  R.  D.  Johnson,  of  the  Ontario  Power  Ca 
A  description  of  this  is  given  in  Appendix  D. 

Both  the  butterfly  and  the  Johnson  type  of  valve  have  the 
advantage  of  being  hydraulically  balanced  in  both  opening  and 
closing,  and  require  no  by-pass. 

Relief  Valves 

The  two  types  in  general  use  at  present  are  the  pressure 
and  the  governor  operated,  the  former  actuated  by  the  variations 
of  hydrostatic  pressure  in  the  penstock  or  wheel  case,  and  the 
latter  controlled  by  direct  mechanical  connection  to  the  gate 
mechanism.  These  two  types  are  used  either  separately  or 
together  and  in  certain  cases  the  two  principles  are  combined  in 
a  single  valve.  Recent  improvements  in  the  pressure-operated 
valve  have  eliminated  some  of  the  former  objections  to  this  type. 
On  account  of  recent  developments  in  relief  valve  design,  your 
Committee  recommends  a  further  investigation  of  this  subject. 

Stand  Pipes  and  Surge  Tanks 

Your  Committee  has  not  investigated  this  subject  further, 
believing  it  to  be  a  matter  requiring  special  study  in  each  indi- 
vidual case. 

Penstocks  and  Pipe  Lines 

Your  Committee  recommends  for  special  investigation  the 
subject  of  wood,  steel  and  concrete  for  penstocks  and  pipe  lines, 
with  especial  reference  to  reliability,  cost  and  life,  and  suggests 
also  the  subject  of  protection  of  such  pipe  lities  against  freezing. 

NOTABLE    WATER-POWER    INSTALLATIONS 

The  water-power  development  of  the  Mississippi  River 
Power  Co.  at  Keokuk,  Iowa,  is  an  excellent  example  of  the  use 
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of  large,  single  runner,  vertical  units  under  low  head.  This  plant 
is  designed  for  an  ultimate  installation  of  30  turbines  of  10,000  hp. 
each,  at  the  normal  head  of  32  ft.  These  units  are  to  develop 
14,000  hp.,  at  the  maximum  head  of  39  ft.,  and  approximately 
6000  hp.  at  the  minimum  head  of  20  ft.  The  runners,  which 
are  the  largest  so  far  cast,  either  in  this  country  or  abroad,  are 
approximately  16  ft.  in  diameter  and  weigh  about  130,000  lb. 
each.  Some  of  these  runners  were  cast  in  four  pieces,  held 
together  by  cast-steel  rings  shrunk  around  the  band,  while  others 
were  cast  in  one  piece.  At  full  load  and  normal  head,  each 
unit  will  require  approximately  2500  cu.  ft.  of  water  per  second, 
and  will  run  at  a  speed  of  57.7  rev.  per  min.  These  unusual 
conditions  of  power  and  head  have  resulted  in  bringing  the 
design  of  the  single  runner,  vertical  unit  to  a  high  state  of 
perfection.  A  further  refinement  in  design  is  the  use  of  a 
spiral  type  of  wheel  casing,  formed  in  the  concrete  foundations  of 
the  plant. 

Another  notable  development  is  the  Martigny  plant  in  the 
Canton  of  Wallis,  Switzerland,  where  a  head  of  5400  ft.  is  to  be 
utilized.  This  is  the  highest  head  which  has  been  brought  to 
our  notice.     The  plant  is  now  under  construction. 
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APPENDIX  A 

THE  KINGSBURY  THRUST  BEARING 

UY    W.    W.    SMITH,    LIEUT.    U.   S.    NAVY 

(Extract  from  Journal  of  American  Society  of  NofVcU  Engineers, 

Vol.  XXIV,  No,  4,  November,  1912) 

An  interesting  development  in  engineering  is  a  thrust  bearing 
invented  by  Mr.  Albert  Kingsbury,  of  Pittsburgh.  In  this  bear- 
ing the  load  is  uniformly  distributed  over  the  entire  surface,  and 
the  slippers  are  free  to  adjust  themselves  at  slight  angles  to  the 
collar,  so  as  to  glide  or  skim  over  a  film  of  oil  which  adheres 
to  and  moves  with  the  collar,  the  action  of  a  slipper  being  mucb 
the  same  as  that  of  a  single  hydroplane.  As  compared  with  the 
usual  t)rpes,  the  results  which  have  been  obtained  with  this  bear- 
ing are  remarkable  and  of  great  importance.  In  high-speed 
bearings  a  pressure  of  500  lb.  per  sq.  in.  is  being  carried, 
and  in  low  speed  900  lb.  Although  these  pressures  are  unusualW 
high,  they  are  still  far  from  the  safe  maximum  pressure  which 
can  be  carried,  the  factor  of  safety  being  ten  or  more.  A  test  on 
a  turbinc-thrust  bearing  showed  that  a  pressure  of  about  7000 
lb.  per  sq.  in.  could  be  carried  without  the  breaking  down  of  the 
oil  film. 

The  bearings,  both  during  shop  tests  and  in  actual  service, 
have  proved  entirely  satisfactory.  The  frictional  losses  and  con- 
sequently the  temperature  rise  under  usual  conditions  are  small, 
the  coefficient  of  friction  being  from  0.0008  to  0.003,  depending 
on  the  size  and  speed  of  the  bearing,  the  unit  pressure  and  the 
character  of  the  oil.  The  wear  has  been  practically  nil,  because 
the  surfaces  are  entirely  separated  by  the  oil  film.  No  repairs  other 
than  periodic  examinations  have  been  required. 

Kingsbtiry  thrust  bearings  were  fitted  on  the  turbines  of  the 
U.  S.  S.  **Neptune,"  and  it  was  the  writer's  experience  that  they 
gave  most  excellent  results  as  regards  both  operation  and  repairs. 
In  regard  to  the  latter  it  may  be  noted  that  because  of  the  self- 
alignment  of  the  bearing  any  mechanic  of  fair  ability  can  overhaul 
it  without  difficulty  and  with  the  assurance  that  it  will  run  prop- 
erly when  assembled,  which  is  of  course  important. 
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THE  "NEFfUNE's"  THRUST  BEARING 

The  following  is  a  description  of  the  "Neptune's''  thrust 
bearing : 

The  bearing  consists  of  a  body  secured  to  the  turbine  casing, 
in  which  are  mounted  in  spherical  seats  two  rings  which  carry, 
also  in  spherical  seats,  the  slippers  which  bear  against  opposite 
sides  of  a  single-thrust  collar,  which  is  held  on  the  shaft  by  a  key 
and  a  nut.  Each  of  the  slippers,  which  are  of  steel  with  the 
nibbing  surfaces  lined  with  white  metal,  fits  into  a  recess  in  the 
slipper  ring  which  holds  it  in  the  correct  position,  preventing  rota- 
tion around  its  longitudinal  axis,  and  is  held  in  its  spherical  seat 
by  a  helical  spring  held  in  compression  between  the  slipper  ring 
and  the  head  of  its  retaining  bolt,  which  passes  through  a 
hole  in  the  ring. 

Each  of  the  steel  slipper  rings,  which  are  carried  in  the 
spherical  seats  of  the  body,  is  held  against  rotation  and  sup- 
ported by  a  bolt  which  passes  through  a  short  slot  with  the 
spherical  lower  surface  of  its  head  resting  on  a  thick  washer 
on  the  supporting  yoke;  this  yoke  is  carried  by  a  transverse 
bolt  passing  through  lugs  on  the  body. 

The  cast-steel  body  consists  of  a  forward  part  which  is 
screwed  into  an  after  part  on  a  diameter  exceeding  those  of  the 
thrust  collar  and  slipper  rings,  which  are  contained  in  the  latter. 
The  bearing  clearance  or  "float"  is  adjusted  by  screwing  the 
forward  part  in  or  out ;  and,  as  the  after  part  is  divided  on  top 
by  a  longitudinal  slot  through  the  threaded  portion,  the  two 
parts  can  be  clamped  in  the  required  position  by  the  transverse 
bolt,  which  passes  through  lugs  on  each  side  of  the  slot.  The  for- 
ward part  of  the  body  extends  through  the  casing  to  which  its 
flange  is  bolted.  Under  the  flange  there  are  brass  liners,  made 
in  halves,  by  means  of  which  the  bearing  can  be  adjusted  to  give 
the  required  longitudinal  position  of  the  rotor.  The  body  is  cen- 
tered in  the  casing  at  both  ends. 

From  a  branch  of  the  turbine  oil  service  oil  enters  the  annu- 
lar space  in  the  forward  body  behind  the  slipper  ring  and  passes 
through  the  inlet  channels  into  the  inside  ends  of  the  radial  sup- 
ply spaces  between  the  forward  slippers.  From  another  branch 
oil  enters  the  annular  space  in  the  after  Ixjdy  behind  the  retain- 
ing bolts  of  the  slippers,  and  likewise  passes  through  the  inlet 
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channels  into  the  inside  ends  of  ihe  supply  spaces  between  the 
after  slippers.  From  the  supply  spaces  the  oil  passes  radiaDj 
outward  through  the  corresponding  exit  passages  in  the  body,  and 
fills  the  casing  so  that  the  bearing  runs  immersed  in  oil,  whidi 
insures  good  lubrication  and  cooling.  From  the  casing  oil  drains 
out  into  the  adjoining  main  bearing  reservoir,  part  of  it  passing 
through  the  space  around  the  shaft  and  the  remainder  through 
the  holes  in  the  upper  part  of  the  casing. 

From  the  supply  spaces  oil  is  drawn  under  the  slii^)ers, 
which,  due  to  the  action  of  the  lubricant,  ''ride"  on  an  oQ  fihn 
of  appreciable  thickness,  so  that  there  is  no  rubbing  contact 
between  the  surfaces.  As  the  slipper  ring  is  free  to  move  in 
its  spherical  seat  the  forces  transmitted  through  the  slippers 
cause  it  to  adjust  itself  so  that  the  pressure  is  equally  divided 
among  the  slippers,  and,  as  each  slipper  has  similar  freedom, 
the  forces  acting  on  its  surface  cause  it  to  adjust  itself  so  that 
the  pressure  is  uniformly  distributed  over  the  surface.  The^^ 
fore,  the  self-adjustment  of  the  bearing  automatically  distribates 
the  pressure  uniformly  over  the  entire  surface;  and,  as  there 
is  an  abundant  supply  of  oil  introduced  between  the  surfaces,  the 
unit  pressure  on  the  bearing  surface  is  with  safety  carried  mudi 
higher  than  usual. 

The  pressures  acting  on  the  surface  of  a  slipper  are,  of 
course,  not  equal.  They  are  greatest  at  a  point  slightly  beyond 
the  center  in  the  direction  of  rotation,  and  be(fome  less  as  the 
edge  is  approached  in  any  direction.  With  relation  to  the  sur- 
face, as  a  whole,  however,  the  pressures  are  balanced  and,  con- 
sidering the  action  of  the  lubricant,  are  uniformly  distributed. 

The  oil  drawn  under  the  leading  edge  of  a  slipper  escapes 
from  the  three  remaining  sides,  the  major  part  of  it  passing  out 
under  the  following  edge.  Therefore,  the  thickness  of  the  film  is 
greatest  under  the  leading  edge  and  least  under  the  following 
edge.  This  difference  of  thickness  of  the  film  causes  the  slipper 
to  stand  at  a  slight  angle  to  the  surface  of  the  collar,  and,  so 
to  speak,  it  "rides"  on  the  film  in  a  position  which  is  required  for 
the  proper  action  of  the  lubricant.  This  is  similar  to  tfie  action 
in  a  cylindrical  bearing,  where  the  greater  thickness  of  the  fihn 
on  the  leading  side  causes  the  journal  to  run  slightly  eccentric 
to  the  bearing.  However,  due  to  the  journal  and  bearing  having 
approximately  the  same  curvature,  the  action  of  the  lubricant  is 
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not  as  perfect  as  in  the  case  of  the  slippers  with  plane  surfaces. 
In  the  usual  types  of  thrust  bearings,  where  the  surfaces  are 
held  rigidly  parallel,  the  action  of  the  lubricant  is  still  less 
perfect,  which  accounts  for  the  low  unit  pressures  to  which  they 
are  limited. 

The  "Neptune's"  bearing,  which  has  been  described,  illus- 
trates in  a  general  way  the  mechanical  features  of  all  Kings- 
bury bearings.  The  details  are  varied  somewhat  to  suit  the 
conditions,  but  the  principle  of  construction  remains  the  same. 
The  bearing  *  *  *  is  used  to  support  the  rotor  of  a  large 
water-wheel  generating  unit.  It  will  be  noted  that  the  slippers 
have  plane  surfaces  which  rest  on  spherical  seats,  which  in  this 
case  are  convex  to  the  slipper.  The  slipper  seats  are  provided 
with  ledges  and  liners  by  means  of  which  the  vertical  position 
of  the  rotor  can  be  adjusted.  Each  slipper  can  be  adjusted 
independently  and  removed  radially  as  shown.  The  center  of 
support  for  the  slipper  is  slightly  beyond  the  geometric  center 
of  the  surface  in  the  direction  of  rotation,  and  corresponds 
with  the  theoretical  center  of  pressure.  This  construction  gives 
greater  freedom  to  the  slipper  and  slightly  reduces  the  co-effi- 
cient of  friction.  Oil  is  admitted  to  the  reservoir  formed  by  the 
bearing  casing,  and  passes  out  through  an  overflow  pipe.  *  *  * 
The  bearing  therefore  runs  in  an  oil  bath  and  is  subject  to  con- 
tinuous circulation,  which  removes  the  heat.  In  this  type  of  bear- 
ing, where  the  thrust  is  always  in  the  same  direction,  only  one  set 
of  slippers  is  used.  This  type  is  also  used  in  turbines  and  other 
horizontal  machines,  where  the  thrust  is  always  in  the  same  direc- 
tion. In  marine  turbines  and  other  machines  where  the  direction 
of  the  thrust  changes,  slippers  must,  of  course,  be  provided  on 
both  sides  of  the  collar,  as  shown  in  the  "Neptune's"  bearing. 

APPENDIX  B-1 

WATER-WHEEL  RUNNERS  AND  RUNNER  MATERIAL 
(From  AUiS'Chdlmers  Company) 

Supplementing  our  acknowledgment  of  your  letter  of  Febru- 
ary 5,  we  will  outline  roughly  the  general  results  of  our  expe- 
rience in  connection  with  the  use  of  various  materials  for  run- 
ners under  the  entire  range  of  heads  met  with  in  connection 
with  reaction  units. 


In  the  first  place,  we  wish  to  emphasize  the  fact  that  th 
construction  chosen  for  any  particular  conditions  is  primaril 
fixed  by  the  manufacturing  conditions.     This  is  true  in  pra 
tically  all  cases,  except  in  rare  instances  when  the  water  to 
used  carries  a  heavy  content  of  acid,  alkali  or  air. 

We  are  attaching  hereto  a  data  sheet  (Fig.  7)  which  wi7/ 
serve  as  an  excellent  basis  for  taking  up  various  constructions. 
You  will  note  that  this  data  sheet  is  made  up  showing  the  char- 
acteristics of  runners  in  actual  service  under  various  heads.  The 
shaded  portion  is  drawn  in  as  indicating  roughly  what  we  believe 
to  be  the  limits  of  good  practise.  When  this  limit  is  exceeded  it 
is  usually  done  for  some  very  special  reason  and  the  case  is  to  be 
considered  a  special  one,  but  within  these  limits  the  question  of 
suitable  materials  can  be  discussed  in  detail. 

Starting  in  with  the  lower  heads,  that  is,  say  up  to  50  ft.,  the 
plate  steel  vane  construction  of  runner  has  shown  excellent  results 
in  durability  and  strength.  For  the  larger  sizes,  that  is,  for 
runners  from  6  to  7  ft.  in  diameter  at  inlet,  it  is  usually  neces- 
sary to  resort  to  solid  cast  runners  purely  on  account  of  strength 
of  construction. 

There  are  numerous  instances  of  failure  of  plate-steel,  cast- 
iron  and  even  bronze  runners  under  these  low  heads,  but  such 
failure,  except  in  the  case  of  excessive  chemical  content  in  the 
water,  is  usually  directly  traceable  to  defective  design.  It  seems 
that  when  the  runner  is  not  properly  designed  so  far  as  the  water 
passages  are  concerned  it  makes  little  difference  as  to  what  mate- 
rial is  used,  failure  taking  place  in  a  comparatively  short  time  in 
any  event. 

For  the  higher  heads,  that  is,  from  50  to  150  ft.,  failure  due 
to  improper  design  is  correspondingly  more  rapid  than  for  the 
lower  heads,  imperfections  showing  up  much  more  quickly.  For 
these  conditions  the  plate-steel  vane  type  of  runner  is  entirely 
suitable,  except  in  connection  with  larger  sizes,  where  the  feature 
of  strength  makes  a  solid  cast  runner  a  necessity. 

For  the  usual  type  of  installation  under  heads  less  than 
TOO  ft.  a  high-speed  type  of  runner  is  the  rule,  and  the  com- 
plicated form  and  extreme  proportions  of  such  high-speed  run- 
ners make  the  use  of  cast  iron  more  or  less  questionable,  shrink- 
R^e  setting  up  indeterminate  strains  and  warping  the  vanes  to  a 
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For  the  higher  heads,  that  is,  up  to  500  or  600  ft.,  there  art 
numerous  instances  of  runners  in  actual  operation  cast  solid  oi 
bronze,  cast  iron  and  cast  steel.  The  better  castings  can  be  securci 
in  the  case  of  the  bronze  runner,  closer  adherence  to  design 
and  smoother  water  passages  being  obtained.  While  the  bronze 
is  rather  high  in  first  cost  still  the  scrap  value  of  the  runner  offsets 
this  greatly. 

In  general,  for  high  heads  we  very  much  prefer  bronze  run- 
ners, as  they  possess  advantages  from  a  manufacturing  stand- 
point, as  outlined  above,  due  to  the  fact  that  they  offer  greater 
resistance  to  oxidation  or  rapid  erosion,  due  to  the  presence  of 
excessive  air  in  the  water.  Cast-iron  runners  are  in  use  under  very 
extreme  conditions  of  head  and  capacity  and  show  up  very  well. 
This  is  true  likewise  of  cast  steel,  though  there  is  some  prefer- 
ence for  this  material,  on  account  of  the  less  likelihood  of  cracb 
due  to  shrinkage  strains  or  shocks  which  the  vane  might  receive 
in  erection  or  in  operation.  We  have  one  particular  example  of 
this  where  there  is  a  large  cast-steel  runner,  head  approaching 
400  ft.,  that  has  been  subjected  to  the  shock  of  passing  rocks  of 
considerable  size.  As  a  result  the  vanes  are  scored  deeply  in 
places  and  it  seems  questionable  whether  cast-iron  vanes  would 
have  stood  up. 

The  attached  curve  sheet  (Fig.  7)  indicates  not  only  actual 
installation  and  a  rough  limitation  of  speed  characteristics,  but 
each  installation  is  marked,  indicating  the  runner  construction  used. 
No  attempt  has  been  made  to  differentiate  between  small  runners 
and  large  runners  and  there  are  several  instances  of  plate-steel 
vane  construction  for  high  heads  where  the  runners  used  were 
extremely  small  and  consequently  are  no  criterion  of  practise  in 
connection  with  units  of  appreciable  size.  This  is  true  of  instal- 
lations 22,  49,  29,  3,  20,  36  and  24. 

The  exception  mentioned  in  the  first  part  of  this  letter  in 
connection  with  the  use  of  bronze  is  a  question  of  chemical  anal- 
ysis of  conditions  to  be  met.  There  are  numerous  compositions 
of  acid  and  alkali-resisting  bronzes  and  no  general  statement  can 
be  made  concerning  material  to  be  used.  Some  grade  composi- 
tion of  bronze  is  usually  selected  for  such  extreme  conditions,  and 
while  the  usual  runner  bronze  corresponding  to  United  States 
Government  standard  is  very  satisfactory,  as  a  rule,  still  consider- 
able divergence  from  this  composition  is  desirable  for  particular 
instances. 
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We  trust  that  the  foregoing,  together  with  the  data  con- 
tained on  the  attached  sheet  will  be  of  assistance  to  you.   *   *   * 

Yours  very  truly, 

Allis-Chalmers  Company, 

W.  M,  White, 
Hydraulic  Department. 

APPENDIX  B-2 

IN  REGARD  TO  WATER-WHEEL  RUNNERS  AND  RUNNER 

MATERIAL 
(Letter  from  I.  P,  Morris  Company) 

I  have  your  letter  of  the  19th  inst.,  in  reference  to  the  erosion 
of  water-wheel  runners. 

I  would  xefer  you  to  an  article  which  I  wrote  for  the  Engi- 
neering Magazine,  March,  1910,  which  goes  into  the  question  of 
erosion  in  more  or  less  detail,  and  gives  the  operation  of  the 
Great  Western  runners.  Probably  this  article  will  give  you  some 
information  on  the  points  which  you  desire.  I  may  say  in  this 
connection  that  my  experience  since  1910  has  not  altered  my 
view  in  connection  with  erosion. 

Since  then,  however,  while  bronze  is  still  used  for  very  high 
heads,  iron  is  being  applied  to  higher  heads  every  year.  In 
other  words,  five  or  six  years  ago  iron  runners  were  applied 
only  to  very  low  heads,  while  to-day  we  do  not  hesitate  to  apply 
them  to  heads  up  to  150  ft. 

Cast-steel  runners  have  also  been  used  for  high  heads,  and 
the  principal  objection  to  their  use  is  that  it  is  impossible  to  tell 
whether  the  castings  are  homogeneous  or  not.  A  small  blow 
hole  in  the  casting,  discovered  during  the  machining  may  be 
found  to  open  up,  inside  of  the  hub,  where  it  joins  to  the  vanes, 
into  a  considerable  cavity.  Such  cavities  have  been  found  in 
runners  built  by  nearly  all  of  the  steel  foundries. 

It  is  possible  to  secure  a  much  more  homogeneous  casting 
in  iron  than  in  either  steel  or  bronze,  and  for  that  reason  there 
is  a  certain  amount  of  assurance  in  making  iron  runners  that  the 
sections  of  metal  in  the  casting  are  as  called  for  on  the  drawing, 
and  that  the  resulting  stresses  are  as  calculated. 

There  is  one  subject  in  connection  with  the  design  of  runners 
upon  which,  I  think,  the  opinion  of  various  engineers  and  water- 
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wheel  builders  would  be  of  considerable  value  at  this  time,  and 
that  is  the  matter  of  built-up  runners;  i.  c.,  runners  in  whid 
plate-steel  buckets  are  used  in  conjunction  with  iron  or  bronie 
hubs  and  retaining  bands. 

The  only  recommendation  for  the  built-up  runner  is  its 
cheapness.  I  have,  however,  been  adverse  to  its  use,  owing  to 
the  experience  which  certain  companies  have  had  with  its  failure. 
I  recently  examined  a  built-up  runner  made  in  France,  in  whidi 
the  buckets  were  made  of  plate  steel  and  the  hub  and  band  of 
bronze.  This  runner  was  of  low  specific  speed  type  with  short 
vanes,  and  had  been  in  operation  for  a  number  of  years  under  a 
head  of  only  130  ft.  The  bronze  was  badly  pitted  and  a  number 
of  the  vanes  had  shaken  loose  from  their  sockets. 

It  would  seem  to  me  that,  in  casting  the  hub  and  retaining 
band  around  the  plate-steel  buckets,  when  the  hot  metal  comes 
in  contact  with  the  buckets  the  metal  would  be  instantly  chilled 
and  would  not  form  a  bond.  A  very  minute  examination  would 
probably  show  a  small  void  between  each  plate-steel  bucket  and 
the  metal  of  the  hub  and  band. 

If  a  built-up  runner  be  properly  designed,  probably  erosion 
would  not  develop  for  a  considerable  period,  but  once  started, 
it  would  do  so  at  an  accelerated  rate,  and  the  conditions  would 
undoubtedly  be  aggravated  by  the  fact  that  two  different  metals 
are  used  in  the  runners,  permitting  galvanic  action. 

In  high  specific  speed  wheels,  such  as  are  used  for  low 
heads,  in  which  the  depth  of  the  wheel  buckets  is  very  great,  it 
has  been  the  experience  of  some  engineers  that  the  buckets  shake 
out  of  the  hub  and  retaining  band.  This  probably  is  the  result 
of  vibration.  Although  it  is  true  that  it  is  possible  to  make  a 
mechanical  balance  of  the  runner  in  the  shop,  at  the  same  time 
it  is  impossible  to  make  all  of  the  areas  through  the  vanes  the 
same,  and  owing  to  this  fact  the  hydraulic  conditions  are  unbal- 
anced. As  this  unbalance  is  equivalent  to  a  mechanical  unbal- 
atice,  the  vibration  of  the  runner  may  be  considerable.  The 
vibrations  set  up  by  this  hydraulic  unbalance  may,  in  time,  shake 
the  plate-steel  buckets  from  their  sockets,  especially  as  there  is 
no  metallic  bond  between  the  buckets  and  the  rim  and  hub. 

For  high  specific  speed  wheels  undoubtedly  the  best  con- 
struction is  based  upon  the  solid  iron  casting.  In  coh^paring  a 
runner  with  plate-steel  buckets  with  a  runner  which  is  a  solid 
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iron  casting  undoubtedly  the  iron  runner  is  the  stiffer,  when  the 
factor  of  safety  for  the  stress  in  the  vanes  is  the  same  for  both 
cases.  The  allowable  stress  in  the  steel  would  probably  be  four 
times  the  allowable  stress  in  the  iron.  The  modulus  of  elasticity 
of  cast  iron  is  one-half  that  of  steel ;  consequently  the  deflection 
of  the  plate-steel  buckets  would  be  at  least  twice  that  of  the  iron 
vanes.  Any  advantage,  therefore,  which  could  be  gained  by 
reducing  the  thickness  of  metal  by  the  use  of  plate-steel  buckets 
would  be  offset  by  the  increased  deflection  and  consequent  distor- 
tion of  all  the  areas  of  the  runner. 

If  erosion  has  developed  in  high  specific  speed  built-up 
wheels  the  grip  which  the  hub  and  retaining  band  have  on  the 
plate  steel  buckets  will  be  considerably  lessened,  and  the  life 
of  such  a  runner  will  not  be  very  long. 

I  understand  that  the  use  of  low  specific  built-up  speed  run- 
ners is  common  practise  in  Europe  for  high  head,  but  during 
a  recent  talk  with  one  of  the  foreign  engineers  he  stated  that 
these  built-up  runners  have  not  been  so  successful  for  the  high 
specific  speed  type. 

Probably  the  principal  claim  for  the  use  of  built-up  runners 
by  those  who  manufacture  them  is  that  it  is  possible  to  get  a 
more  even  spacing  of  the  wheel  buckets  than  with  solid 
castings.  In  the  case  of  the  large  cast-iron  runners  which  we 
built  for  the  Mississippi  River  Power  Co.,  which  have  an  extreme 
diameter  of  17  ft.  10  in.,  the  areas  through  the  wheel  buckets  do 
not  vary  more  than  one  per  cent  from  those  called  for  on  the 
drawing.  In  other  words,  it  is  just  as  easy  to  accurately  space 
the  cores  in  a  mold  as  it  is  to  accurately  space  the  plate-steel 
buckets  in  a  mold. 

Summing  up  the  foregoing,  I  may  say  that  the  reason  for 
erosion  and  the  best  metals  to  resist  it  are  pretty  well  understood 
by  engineers,  but  there  seems  to  be  a  considerable  amount  of 
agitation  recently  in  reference  to  the  advisability  of  using  built- 
up  runners.  I  find  that  there  is  great  opposition  to  their  use 
from  a  number  of  prominent  engineers,  and  personal  investiga- 
tion would  show  that  the  only  feature  which  recommends  their 
use  is  low  first  cost. 

Yours  very  truly. 

I.  P.  Morris  Company, 
H.  B.  Taylor. 

Hydraulic  Engineer. 
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APPENDIX  B-3 
WATER-WHEEL  RUNNERS  AND  RUNNER  MATERIAL 

{Letter  from  Viele,  BlackweU  &  Buck) 

Referring  to  your  letter  of  January  23,  regarding  the  use  of 
diflferent  metals  for  water-wheel  runners,  I  would  say  that  for 
our  own  information  on  this  subject  we  installed  runners  of 
bronze,  cast  steel  and  cast  iron  in  the  power  plant  of  the  Great 
Western  Power  Co.,  at  Big  Bend,  Cal.  These  units  have  been 
running  almost  continuously  at  high  load-factors  for  four 
years,  each  delivering  11,000  kw.  under  a  head  of  about  440  ft., 
and  at  a  speed  of  400  rev.  per  min.  There  are  two  runners  of 
bronze,  one  of  cast  steel  and  one  of  cast  iron,  with  an  extra 
cast-iron  runner  as  a  spare  part.  During  the  first  year  and  one- 
half  of  operation,  with  a  low  temporary  dam,  a  gjeat  deal  of 
sand  and  gravel  passed  through  all  the  water  wheels,  more, 
however,  going  through  one  unit  than  the  others  on  account  of 
the  location  of  its  penstock  near  the  end  of  the  header.  The 
runner  of  this  unit  was  of  bronze  and  was  cut  out  as  much  as 
^  in.  in  places.  It  was  repaired  by  being  turned  down  and  having 
rings  added  in  the  clearance  spaces.  No  other  repairs  have  been 
required  and  recent  inspection  shows  all  of  the  runners  to  be  in 
good  condition.  There  are  a  few  nicks  on  the  edges  of  the 
buckets  of  the  cast-iron  runner.  There  is  no  pitting  on  any  of 
the  runners.  This  experience  confirms  our  belief  that  pitting  is 
usually  not  due  to  the  materials  employed  in  the  castings,  but  to 
poor  water  wheel  .design,  particularly  as  some  of  the  worst  cases 
of  corrosion  we  know  of  have  occurred  in  bronze  runners. 

Careful  tests  made  on  the  different  Big  Bend  water  wheels 
showed  them  all  to  have  high  and  practically  equal  efficiencies. 

In  general  it  is  evident  that  runners  of  bronze  and  cast  sted 
are  less  liable  to  breakage  than  cast  iron.  Bronze  and  cast  iron 
have  the  advantage  of  giving  smoother  and  better  castings  than 
steel  and  are  much  less  expensive  to  finish  to  a  proper  surface. 

Our  data  show  that  there  is  little  choice  between  bronze, 
steel  and  cast  iron  so  far  as  cutting  by  sand  is  concerned.  Other 
things  being  equal  we  prefer  bronze  runners  for  mechanical  rca- 
sojis,  but,  of  course,  cast  iron  is  very  much  cheaper. 

Yours  very  truly 

Viele,  Blackwell  &  Buck. 

F.  O.  Blackwell. 
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APPENDIX  B-4 

IN   REGARD  TO  WATER-WHEEL  RUNNERS  AND  RUNNER 

MATERIAL 

(Letter  from  Wellman-Seaver-M organ  Co.) 

Referring  to  your  inquiry  in  regard  to  my  views  on  the 
question  of  runner  materials,  *  *  *  there  are,  of  course,  a 
number  of  questions  involved  which  are  closely  related  to  the 
problem  of  the  selection  of  the  proper  material  for  runners  under 
various  conditions.  The  type  of  construction  has  an  important 
bearing  on  this  question  and  in  present-day  practise  this  seems 
to  be  divided  quite  sharply  into  two  methods;  one  the  solid 
casting  made  from  cores,  and  the  other  the  built-up  runner  in 
which  the  buckets  or  vanes  are  either  cast  separately  or  stamped 
from  steel  plates  and  the  hub  and  band  afterward  c^st  onto  them. 

The  built-up  runner,  I  believe,  is  the  older  of  these  two 
t3rpes  of  construction,  in  this  country,  at  any  rate.  It  was  at 
one  time  almost  universal  practise  on  ordinary  work  to  cast  the 
buckets  of  iron  and  then  set  them  up  in  a  mould  and  cast  the  hub 
and  band  on  them.  This  method  is  still  used  by  some  of  the  less 
progressive  builders.  It  has  manifest  disadvantages  and  a  great 
deal  of  trouble  has  resulted  from  runners  made  in  this  way. 
There  is  no  weld  formed  between  the  buckets  and  the  hub  or 
band,  and,  inasmuch  as  the  cast  vanes  are  necessarily  rather 
thick  and  cannot  be  deeply  imbedded  in  the  hub  or  the  band, 
that  is,  in  relation  to  their  thickness,  the  joints  have  not  the 
necessary  strength  to  give  satisfactory  results,  except  for  low 
heads.  If  the  torque  on  the  wheel  is  high  or  if  much  vibra- 
tion is  present,  these  wheels  soon  shake  themselves  to  pieces. 

Another  method  of  making  a  built-up  runner,  which  is 
widely  used  in  Europe  and  which  is  coming  into  use  in  this  coun- 
try, consists  of  stamping  the  buckets  from  steel  plates  and  cast- 
ing the  hubs  and  bands  onto  them  afterward,  using  either 
cast  iron  or  cast  steel  for  the  latter  purpose.  These  wheels  seem 
to  give  much  better  satisfaction,  due  principally  to  the  fact  that 
the  buckets  are  thin  and  can  be  more  securely  embedded  in  the 
hubs  and  bands,  and  also  to  the  fact  that  the  buckets  are  not 
as  rigid  as  they  are  when  cast.  There  is  more  spring  to  them 
and  they  are  able  to  absorb  sudden  shocks  without  straining  the 
joints  to  the  extent  that  would  be  the  case  if  the  buckets  were 
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rigid.     This  spring,  however,  is  a  serious  defect   unless  kqtl  r 
within  proper,  limits,  and  hence   these  wheels  are  not  applicaUe 
to  high  heads  or  to  large  sizes  even  under  low  heads. 

The  question  of  solid  runners  versus  built-up  riuiners,  pro- 
vided the  latter  are  used  within  their  legitimate  field,  really 
is  of  more  importance  to  the  manufacturer  than  it  is  to  the  pur- 
chaser. It  is  claimed  that  built-up  runners  are  cheaper  to  make 
than  solid  runners,  but  in  my  opinion  this  is  open  to  question. 
It  is  also  claimed  by  some  that  the  built-up  runners  are  more 
accurate.  I  claim  to  have  no  experience  in  making  niiuiers 
with  steel-plate  vanes,  but  it  seems  to  me  that  there  are  diffi- 
culties in  their  manufacture  which  make  this  claim  also  ques- 
tionable. The  plates  have  to  be  heated  in  order  to  stamp  them, 
and  it  seems  inevitable  that  they  warp  some  in  cooling.  On 
the  other  hand,  the  solid  runner  is  made  from  a  set  of  cores  all 
made  in  the  same  core  box,  and,  therefore,  as  nearly  alike  as  they 
can  possibly  be.  The  core  box  can  be  accurately  checked  up 
from  the  drawing  room  layout  of  the  runner  and  should,  there- 
fore, be  in  strict  accordance  with  the  design.  There  is,  of 
course,  an  opportunity  for  some  slight  inaccuracies  in  the  set- 
ting of  the  cores,  but  in  practise  they  seem  to  be  negligible.  In 
any  event  such  inaccuracies  cannot  affect  the  openings  between 
the  buckets.  They  can  affect  only  the  thickness  of  the  buckets, 
which  is  a  matter  of  much  less  consequence  than  errors  in  the 
openings.  The  body  of  the  core  forms  the  space  between  the 
vanes,  and  if  the  cores  are  all  alike  the  spaces  are  bound  to  be 
all  alike,  even  though  the  cores  are  not  accurately  set. 

On  account  of  the  fact  that  the  structural  strength  of  the 
built-up  runner  limits  it  to  small  sizes  and  low  heads,  it  is  in  com- 
petition chiefly  with  solid  cast-iron  wheels.  The  question  of 
relative  durability  is  one  that  seems  to  me  more  important  than 
any  other.  Plate-steel  vanes  are  very  much  thinner  than  cast- 
iron  vanes,  and  the  same  amount  of  wear  will  reduce  the 
strength  of  the  built-up  wheel  much  more  than  it  will  reduce 
the  strength  of  the  solid  wheel.  I  do  not  know  that  there  arc 
many  data  on  this  point,  but  it  is  a  pretty  well  established 
fact  that  rolled  steel  does  not  last  as  long  in  water  as  cast  iron. 
For  example,  the  case  I  mentioned  to  you  the  other  day  in  r^^rd 
to  the  wheel  at  Columbus,  where  the  runner,  which  is  of  a  very 
high  specific  speed,  operating  under  bad  draft  tube  conditions, 


"7 

lowed  no  pitting  whatever,  whereas  all  of  the  forged-steel  parts 

■  the  wheel  are  badly  pitted.  I  do  not  feel  that  I  am  sufficiently 
)sted  to  take  a  more  definite  stand  on  this  point,  but  I  think  it 

one  that  should  be  thoroughly  investigated. 

For  high-head  work  and  for  large  runners  under  low  heads 
e  built-up  type  is  usually  out  of  the  question.  Solid  castings 
e  necessary  for  structural  strength  and  the  only  problem 
hich  remains  to  be  considered  is  that  of  material.  For 
:ample,  the  runners  which  we  made  for  Keokuk  could  not 
)ssibly  be  made  on  the  built-up  plan.  In  transmitting  the 
rque  to  the  hub  the  vanes  act  very  much  like  cantilever  beams, 
id  it  is  necessary  to  make  them  very  heavy  and  to  have  a  very 
ibstantial  connection  between  the  vane  and  the  hub.  These 
mes  are  6  in.  thick  at  some  points  and  taper  to  a  thickness  of 
>out  ^  in.  at  the  discharge  end,  and  even  less  at  the  entrance 
Ige.  It  is  quite  obvious,  of  course,  that  plates  of  uniform 
ickness  could  not  be  applied  to  these  conditions. 

The  commonest  material  for  runners  under  high  heads  is 
iquestionably  bronze,  but  whether  this  should  properly  be  so 
a  question  which,  to  my  mind,  is  open  to  considerable  doubt, 
here  have  not  been  enough  experiments  made  to  determine 
hcther  there  is  any  good  reason  for  it  or  not.  It  is  largely  a 
atter  of  precedent.  I  am  inclined  to  believe  the  use  of  cast 
eel,  and  even  cast  iron,  for  high-head  work  will  increase  in 
le  future  and  that  bronze  will  be  used  less  and  less  all  the 
me.  There  are,  of  course,  large  runners  under  very  large 
?ads,  which  could  probably  not  be  made  out  of  cast  iron  because 
le  stresses  would  be  too  high,  but,  excepting  such  cases,  the 
lief  argument  against  cast  steel  and  cast  iron  is  based  on  the 
lestion  of  durability. 

Deterioration  of  runners  is  due  to  two  causes;  namely,  pit- 
ag,  which  is  a  chemical  action,  and  cutting  or  wear,  which 
isults  from  the  presence  of  abrasive  material  in  the  water.  In 
:spect  to  cutting,  bronze  is  probably  not  as  durable  as  either 
Lst  steel  or  cast  iron,  but  in  respect  to  pitting  there  is  no  question 
lat  bronze  is  more  durable  than  either  of  the  other  materials. 

■  a  tendency  to  pit  exists  bronze  is  the  best  material  to  resist  it, 
id  the  problem  thus  reduces  itself  to  a  question  of  whether  run- 
;rs  for  various  conditions  can  be  designed  without  a  tendency 

pit.     If  this  can  be  accomplished,  and  there  is  certainly  every 
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reason   to   believe  that   it   can,   within   certain    limitations,  of 
course,  then  bronze  loses  its  chief  advantage. 

I  think  it  is  generally  agreed  that  pitting  is  due  to  cddj 
currents  or  hydraulic  disturbances  in  the  runner.  If  Ac  numer 
is  so  designed  that  water  flows  through  it  smoothly  and  remains 
in  contact  with  the  surface  of  the  vanes  there  will  be  no  pitting 
whatever,  but  if  the  design  is  such  that  the  stream  of  water 
breaks  away  from  the  surface  of  the  vane  then  pitting^  is  likely 
to  occur.  This  is  true  of  propeller  blades  or  any  other  metallk 
bodies  subject  to  the  action  of  water  at  high  velocities.  I  have 
seen  a  great  many  discarded  propeller  blades,  but  have  never 
seen  one  that  was  pitted  on  the  front  surface,  that  is,  the  snrfdct 
against  which  the  thrust  acts.  They  are  always  pitted  on  tbc 
back  side,  indicating  that  the  current  of  water  whips  over  Ac 
edge  of  the  blade,  leaving  a  cavity  on  the  back  side.  The  same 
thing  occurs  on  water-wheel  runners.  If  they  are  pitted  on  the 
discharge  end  of  the  vane  the  pitting  is  almost  invariably  on  the 
back  side,  that  is,  the  side  toward  the  direction  of  rotation. 

Inasmuch  as  pitting  is  due  to  disturbances  in  the  runner  it 
is  natural  to  expect  it  should  be  very  closely  related  to  the  effi- 
ciency of  the  runner,  and  this  seems  to  be  the  case  in  practice. 
The  higher  the  efficiency  the  less  tendency  there  is  to  pit,  but 
this  does  not  necessarily  mean  that  the  rule  is  invariable.  It  is 
possible  for  a  wheel  of  generally  high  efficiency  to  have  some  small 
imperfections  of  design  which  would  cause  some  part  of  the  vane 
to  pit,  but  would,  nevertheless,  not  be  of  sufficient  importance 
to  lower  the  total  efficiency  of  the  runner  very  perceptibly.  High 
efficiency  is  not  an  absolute  guarantee  against  pitting,  but  it  is 
true  that  the  higher  the  efficiency  the  less  likely  it  is  tfiat  pitting 
will  occur. 

I  have  some  runners  in  mind  showing  about  88  per  cent 
efficiency  under  test  which,  nevertheless,  began  to  pit  along  the 
entrance  edge  soon  after  they  were  put  in  operation.  Anal- 
ysis of  the  design  showed  that  the  entrance  angle  was  not  correct, 
but  the  error  was  not  sufficient  to  have  much  effect  on  the  gen- 
eral efficiency  of  the  wheel.  If  the  entrance  angle,  however,  had 
been  correct  it  seems  quite  probable  that  these  wheels  would  have 
shown  several  per  cent  better  efficiency. 

It  is  generally  recognized  that  there  is  an  important  relation 
between  specific  speed  of  the  runner  and  the  question  of  {Htting. 
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fioth  practise  and  theoretical  analysis,  however,  tend  to  show 
thai  in  this  respect  it  is  merely  a  question  of  efficiency.  Most 
of  the  wheels  of  high  specific  speed  which  have  been  running 
long  enough  to  show  any  results  are  of  a  less  efficient  type  than 
wheels  of  lower  specific  speed.  It  is  to  be  expected,  therefore, 
that  such  wheels  will  show  some  deterioration.  This  is 
particularly  true  when  the  general  characteristics  of  the  relative 
eflSciency  curves  are  considered.  At  the  present  writing  it  has 
been  found  possible  to  develop  wheels  of  high  specific  speed  which 
show  just  as  good  peak  efficiency  as  do  wheels  of  lower  specific 
speed,  but  the  full  gate  efficiency  is  lower  and  the  part  gate  effi- 
ciency is  very  much  lower.  Consequently  the  average  efficiency 
over  the  ordinary  range  of  operating  conditions  is  lower  and  it 
would  not  be  unnatural  for  these  wheels  to  deteriorate  more  than 
the  others.  The  tendency  in  the  development  of  runner  design, 
however,  is  to  raise  the  specific  speed  without  sacrificing  the 
efficiency.  It  is  quite  probable  that  in  the  future  it  will  be  found 
possible  to  design  wheels  of  high  specific  speed  which  will  be 
just  as  durable  as  wheels  of  low  specific  speed. 

The  relation  of  efficiency  to  durability  also  involves  a  very 
important  relation  between  the  durability  of  the  wheel  and  the 
conditions  under  which  it  is  operated.  The  efficiency  of  any 
wheel  at  low  gate  opening  will  fall  off  considerably,  thus  indicat- 
ing, aside  from  theoretical  considerations,  that  the  hydraulic 
conditions  in  the  runner  are  considerably  disturbed,  this  creat- 
ing a  tendency  to  pit.  Even  the  most  efficient  wheel,  if  opera- 
ated  too  constantly  at  low  gate  opening,  is  likely  to  show  some 
pitting  if  the  head  is  at  all  high.  This  is  a  point  which  should 
be  brought  more  prominently  to  the  attention  of  power-house 
operators.  The  average  operator  is  very  much  inclined  to  keep 
more  machines  in  operation  than  there  is  any  necessity  for. 
This,  of  course,  results  in  some,  or  all  of  them,  running  at  a 
lighter  load  than  should  be.  No  power  plant  can  be  intelligently 
operated  without  giving  due  consideration  to  the  characteristics  of 
the  wheels  which  are  being  used.  If  they  are  wheels  of  high 
specific  speed  they  should  be  kept  as  closely  loaded  as  possible  to 
the  point  of  maximum  efficiency.  If  they  are  wheels  of  lower 
specific  speed  it  is  not  necessary  to  operate  within  such  close 
limits.  This,  of  course,  indicates  that  the  wheel  of  high  specific 
speed  is  not  adapted  to  a  plant  with  only  a  few  units,  unless  the 
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load  is  practically  constant.  If  there  are  wide  fluctuations  of  load 
this  wheel  is  not  adapted  unless  there  are  enough  units  in  the 
plant  to  permit  easy  adjustment  of  the  load  by  cutting  in  and 
cutting  out  additional  units. 

Very  truly  yours, 

WELLMAN-SEAVEIi-MORGAN   Co., 

Qiester  W.  Lamer, 
Hydraulic  Engineer. 


APPENDIX  B-5 

IN  REGARD  TO  WATER-WHEEL  RUNNERS  AND  RUNNER 

MATERIAL 

{Letter  from  the  Ontario  Power  Co,,  of  Niagara  Falls) 

To  answer  your  inquiry  of  January  23,  relative  to  the 
best  material  for  turbine  runners,  it  is  my  opinion  that  bronze 
will  ordinarily  give  the  longest  life  with  the  greatest  freedom 
from  pitting,  and  is  the  best  material  to  use  where  the  cost  is 
not  to  be  considered.  There  are  many  qualities  of  bronze,  and 
this  statement  should  not  be  understood  as  applying  to  any  and 
every  grade,  but  rather,  in  order  to  obtain  the  best  results,  to  a 
dense,  tough,  malleable  bronze.  Pitting  is  not  a  matter  to  be 
entirely  overcome  by  the  material  of  the  runner;  correction  of 
this  should  rather  be  looked  for  in  the  design  of  the  runner. 

You  open  up  a  very  debatable  question  and  the  information 
obtained  should  not  be  used  over  too  extended  a  field.  My 
opinion  as  given  applies  particularly  to  runners  for  from  medium 
tc»  high  heads. 

Yours  very  truly, 

Ontario  Power  Co.  of  Niagara  Falls, 

V.  G.  Converse. 
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APPENDIX  C 

EFFICIENCY  TESTS  OF  WATER-WHEELS  AFTER 

INSTALLATION 

{By  Professor  C,  M,  Allen,  Worcester  Polytechnic 

Institute) 

The  majority  of  water-power  plants  found  in  the  Eastern 
Atlantic  States,  New  England  and  the  Province  of  Quebec, 
Canada,  are  medium  or  low-head  installations,  as  compared  with 
the  high-head  installations  of  the  Pacific  Coast  States,  and  only 
the  method  of  testing  water  wheels  for  efficiency  operating  under 
medium  or  low  heads  will  be  discussed  in  this  paper. 

Holyoke  Tests  » 

The  writer  believes  that  the  individual  runners  should  first 
be  tested  at  the  Holyoke  flume,  unless  the  same  type  has  pre- 
viously been  tested  there.  The  runners  should  be  set  up  and 
tested  as  they  are  to  be  operated  after  installation,  that  is,  with 
their  own  guide  vanes,  gates,  etc. 

The  Holyoke  tests  of  a  runner  furnish  a  deal  of  valuable 
information  which  should  be  known  before  rather  than  after  instal- 
lation. It  is  a  well  known  but  often  overlooked  fact  that  a 
poor  runner  can  never  be  made  a  good  one,  even  though  installed 
in  a  good  setting,  and,  on  the  other  hand,  the  performance  of 
a  good  runner  can  be  seriously  aflFected  by  a  poor  setting.  A 
Holyoke  test  of  the  runners  of  a  unit,  therefore,  predicts  what 
may  be  expected  of  them  after  installation;  if,  when  given  a 
good  setting,  they  do  not  come  up  to  this  expected  power  and 
efficiency,  the  blame  should  not  be  put  upon  the  runners  but 
upon  the  setting.  (The  setting  includes  the  water  ways  to  the 
runner,  the  casing  surrounding  it  and  the  draft  tube  or  tubes 
and  the  tail  race  conditions  surrounding  them.)  In  other  words, 
the  responsibility  of  performance  is  thus  more  definitely  located. 
There  have  been  cases  where  three  or  four  different  runners, 
sometimes  of  differeAt  makes,  were  installed  in  succession  in  the 
same  setting  in  order  to  fulfill  guaranteed  power  and  efficiency, 
but  to  no  purpose.     The  trouble  was  in  the  setting. 

Testing  After  Installation 

Although  the  Holyoke  tests  are  exceedingly  valuable,  yet 
they  do  not  take  the  place  of  efficiency  tests  made  upon  the  water 
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wheels  after  installation ;  and  if  but  one  test  can  be  made,  tbc 
test  after  installation  should  be  selected,  as  this  test  should  show 
just  what  the  wheels  can  do,  both  as  to  power  and  efficiency  at 
various  gate  openings  and  under  various  speeds,  in  a  plant  under 
actual  running  conditions.  If  the  wheels  are  installed  in  a  hydro- 
electric station  there  are  two  methods  available  for  making  effi- 
ciency tests,  the  first  using  the  electrical  generator  to  determiiK 
the  horse  power  input  and  the  second  some  form  of  frictioo 
brake  to  determine  the  horse  power  output.  Of  course,  water 
measurements  should  be  made  in  the  most  reliable  manner.  At 
the  present  day  there  are  several  methods  of  measuring  water 
which  can  be  used  in  connection  with  water-wheel  tests  and  the 
method  to  be  chosen  is  determined  by  the  conditions  in  the  indi- 
vidual plant.    Water  measurements  will  be  taken  up  later. 

An  electrical  test  properly  conducted  should  be  sufHciently 
accurate  and  reliable  in  determining  the  output  of  the  wheels. 
The  reason  for  making  brake  tests  in  hydro-electric  stations  has 
been,  in  a  good  many  instances,  to  settle  disputes  between  the 
hydraulic  power  and  electrical  interests,  relative  to  the  guaranteed 
operation  of  the  plant.  A  large  number  of  water-wheel  build- 
ers in  this  country  are  not  willing  to  abide  by  the  results  of  an 
electrical  test  unless  the  wheels  show  up  to  the  guaranteed  power 
and  efficiency  under  such  tests.  The  generator  manufacturers 
are  also  unwilling  to  assume  that  the  generators  are  low  in  effi- 
ciency or  that  their  testing  apparatus  is  unreliable.  The  use  of 
the  brake  for  determining  the  actual  horse  power  output  of  the 
wheels  at  the  generator  coupling  is  entirely  satisfactory  to 
all  parties  concerned  for  the  simple  reason  that  the  apparatus 
is  very  much  less  complicated  and  more  universally  understood 

Moreover,  the  accuracy  of  the  brake  can  be  determined  on 
the  ground,  while  under  test,  as  the  calibration  of  the  machine 
can  be  made  at  that  time,  and  there  is  no  possible  chance  for  a 
serious  error.  In  other  words,  the  brake  test  is  the  simplest,  most 
accurate,  and  most  direct  method  of  measuring  power  and  is  uni- 
versally recognized  as  the  standard.  In  making  electrical  tests 
there  arc  many  more  chances  for  errors  to  creep  in  than  in 
making  brake  tests.  Ordinarily  several  electrical  instruments 
are  needed,  which  should  be  carefully  calibrated  before  and 
after  tests.  These  are  liable  to  become  changed  in  transit  to 
the  station.     Many  times,  after  being  calibrated,  they  are  used 
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tinder  different  conditions  of  temperature,  magnetism,  connection, 
etc.,  and  the  total  results  are  liable  to  error  because  of  the  number 
of  instruments  to  be  read,  thus  bringing  in  errors  which  may  be 
more  or  less  cumulative. 

There  is  another  reason  for  making  brake  tests  rather  than 
electrical. tests  at  the  present  time,  which  is  a  purely  human  one. 
No  one  but  an  electrical  engineer  or  some  one  with  considerable 
electrical  engineering  training  can  understand  the  method  used  on 
a  complete  electrical  test,  while  every  one  interested  in  the  plant  can 
understand  the  method  of  a  mechanical  brake  test.  All  parties  con- 
cerned can  have  their  representatives  on  the  ground  to  check  up 
measurements  on  the  brake  and  calibrate  it  exactly  as  it  is  used 
under  running  conditions,  and  so  get  with  certainty  the  output 
of  the  wheels  which  is  to  be  delivered  to  the  generator.  Fur- 
thermore, in  order  to  determine  the  complete  characteristics  oi 
the  wheel  under  varying  gate  openings  and  with  any  considerable 
variation  in  speed,  it  is  not  always  practical  to  use  an  electrical 
generator  to  furnish  the  load. 

Up  to  within  a  few  years  it  was  impossible  to  make  brake 
tests  of  very  large  units,  but  to-day  the  Alden  absorption  dyna- 
mometer has  been  developed  so  that  it  is  possible  now  to  success- 
fully absorb  up  to  5000  hp.,  and  there  is  no  mechanical  reason 
why  the  same  brakes  could  not  be  designed  to  hold  even  as  high 
as  10,000  hp.  A  complete  description  of  the  Alden  dynamom- 
eter and  its  use  in  connection  with  water-wheel  testing  can 
be  found  in  the  Transactions  of  the  American  Society  of  Mechan- 
ical Engineers,  Volume  32,  published  in  the  year  1910.  This 
paper  not  only  describes  the  brake  but  gives  results  of  various 
tests  of  wheels,  showing  good  and  bad  settings.  It  also  gives 
tests  of  vertical  wheel  installations  where  large  bevel  gears  were 
used,  showing  the  efficiency  of  these  gears.  Since  this  paper  was 
written  several  other  tests  have  been  made  to  determine  the  effi- 
ciency of  large  bevel  gears,  and  the  results  of  the  later  tests 
check  those  mentioned  in  the  paper.  It  was  found  that  in  a  unit 
developing  something  over  1000  hp.,  using  large  cut-steel  bevel 
gears,  an  efficiency  of  about  97  per  cent  for  the  gears  was 
obtained.  From  all  tests  made  it  would  seem  that  a  properly 
designed  and  constructed  pair  of  bevel  gears  is  the  most  eco- 
nomical method  of  transmitting  power  from  a  vertical  to  a 
horizontal  shaft. 
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Water  Measurements 

There  is  to-day  considerable  discussion  concerning  the  mt^ 
accurate  method  of  measuring  water.  Some  engineers  claim  the 
weir  to  be  the  most  accurate,  others  the  current  meter,  an:l 
still  others  some  form  of  Pitot  tube.  It  is  the  writer's  opinion 
that  any  of  these  methods  is  sufficiently  accurate  for  making 
efficiency  tests  of  water  wheels  provided  conditions  are  favor- 
able and  the  instruments  in  all  cases  are  properly  handled. 

The  Weir 

The  weir  gives  a  very  satisfactory  means  of  accurate  water 
measurements  if  the  conditions  at  the  plant  allow  for  its  being 
properly  installed.  This  unfortunately  is  seldom  the  case  in 
plants  that  have  been  built  without  any  plans  for  such  installa- 
tions. If  when  a  new  plant  is  installed  the  idea  of  making  effi- 
ciency tests  is  kept  in  mind  a  very  satisfactory  weir  could  be 
arranged  for  in  connection  with  the  cofferdam  below  the  tail 
race.  Then  when  the  plant  is  started  a  complete  set  of  weir 
tests  can  be  run  off  on  as  many  units  as  desired  before  taking  out 
the  cofferdam ;  or,  as  in  some  plants,  there  might  be  installed 
permanent  arrangements  for  measuring  water  by  the  weirs.  This, 
of  course,  would  make  it  possible  to  take  efficiency  tests  of  the 
plant  from  time  to  time  to  check  up  the  performance  of  the 
wheels,  and  this  is  to  be  strongly  recommended. 

Current  Meter  Measurements 

The  current  meter,  if  properly  rated  and  handled,  both  during 
the  rating  and  in  use  in  the  field,  is  a  reliable  and  sufficiently 
accurate  instrument  for  measuring  water,  either  before  or  after 
discharge  through  the  wheel,  provided  there  is  proper  location 
and  coiidition  of  water.  Sometimes  the  best  place  for  current 
meter  work  is  in  the  open  flume  above  the  wheels.  If  measure- 
ments must  be  taken  below  the  wheel  it  is  advisable  to  use  the 
meter  in. a  uniform  section  of  the  tail  race  and  where  the  water 
conditions  are  as  smcx)th  as  possible.  It  is  sometimes  necessary 
to  put  in  some  fc^rm  of  rack  to  straighten  out  the  crooked  water 
which  is  always  found  immediately  below  the  draft  tubes. 

The  Price  current  meter  is  considered  reliable  and  accurate. 
but  in  water  that  is  considerably  agitated  it  will  give  excessively 
high  readings  and  should  not  be  used.  Meters  of  the  P-telcy  or 
ITa^^kell   type  would   be  more  accurate  under  these  conditions. 
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There  is  at  present  considerable  discussion  on  this  subject.  It 
is  .of  great  importance  that  the  current  meter  be  carefully  rated 
and  used  by  an  experienced  operator.  (See  paper  written  by 
B.  F.  Groat  in  Proceedings  of  the  A.  S.  C.  E.,  December,  1912.) 

Pilot  Tube  MecLstiretnents 

There  are  a  good  many  plants  so  installed  that  it  is  impos- 
sible to  measure  water  either  by  the  current  meter  or  by  the 
«reir,  and  yet  some  form  of  Pitot  tube  inserted  in  the  penstock, 
f  properly  handled  and  rated,  would  give  accurate  and  reliable 
wults.  In  the  past  few  years,  the  writer  has  had  occasion  to 
ate  and  use  a  great  many  Pitot  tubes  of  various  designs  and 
nakes,  and  has  come  to  the  following  conclusion  concerning 
heir  use: 

Under  no  circumstances  should  the  Pitot  tube  be  used  to 
oeasurc  the  actual  velocity  of  water  in  a  pipe  line  or  open 
anal  unless  the  particular  instrument  has  been  carefully  rated 
n  moving  water  at  approximately  the  same  velocity  in  which 
t  is  to  be  used.  What  is  called  "still  water"  rating  of  Pitot 
ubes  is  not  the  same  as  moving  water  rating  by  a  considerable 
)er  cent.  A  pair  of  Pitot  tubes  which  can  be  reversed  at  any 
ime,  while  in  use  and  while  rating,  has  distinct  advantages  over 
iny  other  form.  An  instrument  made  up  of  two  Pitot  tubes, 
Mie  facing  up  stream  and  the  other  down,  that  can  be  reversed 
Mid  yet  show  the  same  deflection  for  the  same  velocity,  makes 
an  exceedingly  valuable  check  on  the  work  in  the  field,  as  Pitot 
tubes  very  easily  become  fouled  by  foreign  matter  floating  in 
the  water.  If  the  instrument  can  be  reversed  to  show  the  same 
Reflection,  confidence  in  it  is  assured.  The  writer  believes 
that  it  is  possible  under  ordinarily  good  conditions  and 
with  experienced  operators  to  determine  within  2  per  cent  the 
actual  amount  of  water  flowing,  which  is  sufficiently  accurate 
for  all  commercial  requirements.  This  has  been  done  many 
imes  where  the  same  water  was  measured  through  a  Venturi 
netcr  and  by  a  standard  weir  and  with  various  current  meters. 

'he  Care  and  Operation  of  Water  Wheels 

It  is  almost  universally  conceded  that  among  prime  movers 
e  water  wheel  gets  by  far  the  least  attention  in  regard  to 
I  operating  conditions.  This,  of  course,  is  entirely  wrong, 
d  while  perhaps  the  wheel  may  not  need  the  close  attention  that 
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order  to  determine  whether  the  plant  is  operating  under  its  Pr 
efficiency.    A  good  many  times  the  difference  between  the  ^f 
running  efficiency  of  a  plant  and  the  amount  it  would 
properly  kept  up  is  enough  to  make  the  diflference  betw<a 
good-paying  proposition  and  one  that  does  not  pay  at  all.      i. 

y 

APPENDIX  D  e 

JOHNSON  TYPE  PENSTOCK  VALVE  ^^ 

(Letter  from  the  IV ellnum'Seaver-M organ  Co,) 

r- 

Referring  to  the  matter  of  the  Johnson  type  penstock  v-^j 
about  which  you  were  asking,  I  enclose  herewith  two  blue  ly 
of  our  drawing  47968  (Fig.  9)  which  show  the  general .^^ 
stniction  of  a  horizontal  valve  of  this  type.  j 

These  valves  are  very  simple  both  in  construction  and  oy 
tion.    All  the  parts  are  of  circular  form,  which  makes 
especially  adapted  to  high  heads,  owing  to  the  fact  that  the  t^^ 
mum  strength  of  the  material  is  developed  without  tenden^. 
deform,  which  is  one  of  the  great  difficulties  encountered  i:^. 
design  of  gate  valves.  ^^ 

This  valve  is  perfectly  tight  when  closed,  and  is  re^ 
operated  by  hand  or  by  electric  control,  either  locally  or  fr^Q 
distance.  There  are  no  sliding  contacts  under  heavy  prei  . 
and  the  valve  is  much  more  reliable  in  operation  than  any  ^^ 
type  of  valve  of  which  we  know.  It  is  needless  to  point  o^j 
disadvantages  of  gate  valves,  particularly  in  large  sizes  and  \\^ 
high  heads,  as  all  operators  who  are  familiar  with  them  !^ 
the  troubles  which  are  experienced.  g,. 

This  valve  consists  of  a  moving  plunger  of  the  needle  ^_ 
having  two  pressure  chambers,  one  to  close  it  and  the  oth^^. 
open  it.  The  valve  is  closed  by  admitting  penstock  presst\i5 
the  large  chamber  and  exhausting  it  from  the  annular  cha.)) 
to  the  atmosphere.  It  is  opened  by  a  reversal  of  this  oper^^] 
The  supply  and  exhaust  to  and  from  the  operating  chamber^, 
controlled  by  a  valve  of  the  balanced-piston  type.  This  h^ 
is  actuated  through  a  floating  lever,  one  md  of  which  is  atts^s 
to  a  lever  on  a  rocker  shaft  which  is  connected  internalQj. 
the  moving  plunger.  By  means  of  this  arrangement  the  pk^it 
cannot  travel  faster  than  the  control  valve,  and  if  it  shoul 
any  reason  be  desired  to  stop  the  stroke  of  the  valve  plv 


toper 
id"*' 
do  »i 
sen  a 


-alves 
'  con- 
-peta- 

nil" 


othei 
,tthe 
jndet 
Unov 


tjpe. 

»tion. 
saw 
valve 

W  w 
>ng" 
diot 


129 

at  any  intermediate  position  it  can  be  readily  done  and  the  plunger 
will  be  automatically  maintained  at  that  position  regardless  of 
leakage  either  around  the  plunger  or  through  the  control  valve. 

The  control  valve  may  be  operated  either  by  hand  or  by  a 
small  electric  motor.  In  the  latter  case  a  means  of  hand  opera- 
tion is  also  provided.  The  control  valve  is  balanced  and  very 
little  power  is  required  to  operate  it.  If  a  motor  is  used,  the 
capacity  of  the  motor  need  not  exceed  Yz  lip.  under  the  highest 
heads  or  for  the  largest  sizes. 

The  motor  is  provided  with  a  limit  switch  to  prevent  over- 
travel,  and  the  connections  between  the  motor  and  the  control 
valve  are  so  designed  that  the  plunger  begins  to  move  very 
slowly  and  attains  its  maximum  speed  at  one-half  stroke.  It  then 
slows  down  and  the  end  of  the  stroke  is  made  at  very  slow  speed. 
This  is  desirable  in  order  that  the  plunger  may  seat  itself  slowly. 
You  will  observe  that  it  seats  at  both  ends  of  the  stroke. 

This  valve  lends  itself  very  readily  to  distant  control.  Some 
of  the  valves  we  are  now  building  will  be  located  several  hun- 
dred feet  from  the  power  house  and  controlled  from  the  switch- 
board. In  such  cases  an  electric  indicating  device  is  provided  on 
the  switchboard  in  conjunction  with  the  control  switch,  to  show 
not  only  the  open  and  closed  positions  of  the  valve  but  also 
intermediate  positions  during  the  stroke. 

A  valve  of  this  type  has  been  in  use  in  the  plant  of  the 
Ontario  Power  Co.  at  Niagara  Falls  for  a  year  or  more,  and 
has  given  entire  satisfaction.  Careful  tests  show  that  if  there  is 
any  loss  of  head  through  the  valve  it  is  too  small  to  be  detected. 

You  will  observe  that  one  end  of  the  valve  body  is  smaller 
in  diameter  than  the  other  end.  The  large  end  is  made  to  con- 
form to  the  penstock  diameter,  and  a  taper  section  is  used  to  con- 
nect the  small  end  of  the  valve  body  to  the  penstock.  If  this 
valve  is  used  in  connection  with  a  spiral  casing  wheel  in  which 
the  velocities  are  fairly  high,  it  can  be  very  conveniently  placed 
at  the  entrance  to  the  casing  and  the  small  end  of  the  valve  con- 
nected directly  thereto.  This,  of  course,  does  away  with  the 
necessity  for  a  taper  piece  of  pipe,  and  at  the  same  time  dispenses 
with  the  penstock  reducer  which  would  otherwise  be  used  for 
accelerating  the  velocity  from  that  used  in  the  penstock  to  that 
used  in  the  wheel  casing. 

11—6 
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We  are  now  building  three  8- ft.  horizontal  valves  of  this 
type  for  the  Salmon  River  Power  Co.  to  operate  under  200  ft. 
head,  and  two  9-ft.  vertical  valves  for  the  Ontario  Power  O).  to 
operate  under  100  ft.  head.  All  of  these  valves  will  be  equipped 
with  distant  electrical  control  and  indicating  devices. 

Very  truly  yours, 

The  Wellman-Seaver-Morgan  Co., 

Chester  W.  Lamer, 

Hydraulic  Engineer. 

The  Chairman:  Before  opening  the  discussion  of  this 
report,  I  am  going  to  call  for  the  next  paper,  which  is  more  or 
less  allied  with  this  part  of  the  Prime  Movers  report.  The  paper 
is  entitled  "A  New  Type  of  Thrust  Bearing,"  and  has  been  p^^ 
pared  by  Mr.  Albert  Kingsbury,  of  Pittsburgh,  who  will  read  the 
paper. 


A  NEW  TYPE  OF  THRUST  BEARING 

While  the  bearing  is  designated  as  a  new  type,  it  is  new  only 
iti  so  far  as  old  and  well-established  principles  have  been  adapted 
to  new  uses.  The  bearing  is  made  up  of  elements  individually 
identical  in  function  with  the  common  cylindrical  shaft  bearings 
which  depend  upon  automatic  lubrication  for  their  operation. 

Fig.  I  shows  the  elements  of  one  form  of  the  thrust  bearing 


7  Thrust  Bearing 


applied  to  a  vertical  shaft.  A  is  a  runner  or  washer  attached  to 
the  shaft  collar  and  rotating  with  it.  The  runner  slides  upon  the 
stationary  shoes  B,  these  shoes  having  the  form  of  sectors  of  a 
ring.  Each  shoe  is  supported  against  the  thrust  by  hardened 
pieces  C  and  D,  one  of  which  is  made  crowning  on  the  face  hi 
order  to  permit  the  shoe  to  rock  slightly  and  thereby  adjust  itself 
to  the  best  bearing  conditions  at  the  sliding  surface.     E  is  an 
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Fig.  2  is  a  photograph  of  the  bearing  outlined  in  Fig.  i, 
without  the  leveling  washer.  It  will  be  understood  that  not 
II  of  the  details  referred  to  are  essential  to  the  device.  The 
ital  feature  of  the  construction  consists  in  the  separate  shoes, 
ach  one  supported  in  such  a  way  as  to  permit  it  to  rock  or 
ivot  slightly  upon  the  support. 

The  design  as  outlined  above  is  based  upon  the  principles 
stablished  by  Osborne  Reynolds  in  his  "Theory  of  Lubrication."* 
'rofessor  Reynolds  was  led  to  make  a  theoretical  investigation 
y  the  striking  results  obtained  by  Tower  in  his  experiments  for 
le  Institution  of  Mechanical  Engineers.!  Tower,  experiment- 
ig  with  a  well-fitted  cylindrical  journal  flooded  with  oil,  found 
lat  there  was  practically  no  wear,  that  the  total  friction  was 
early  independent  of  the  load,  and  that  the  mean  co-efficient  of 
•iction  was  very  low,  in  some  cases  not  exceeding  o.ooi.  He 
irther  found  that  there  was  oil  between  the  shaft  and  the  brass 
ider  pressure  which  varied  from  point  to  point  on  the  bearing 
irface,  the  maximum  pressure  being  roughly  twice  the  mean  pres- 
ire  and  the  integrated  pressure  being  equal  to  the  total  load  ori 
e  bearing.  The  obvious  inference  from  these  experimental  results 
as  that  the  oil  formed  a  film  between  the  shaft  and  the  brass, 
tmpletely  separating  the  surfaces,  and  reducing  the  friction  to 
at  within  the  oil  itself.  Reynolds  based  his  theoretical  work 
1  elementary  physical  data,  including  the  shaft  diameter,  its 
►eed  of  rotation,  the  dimensions  of  the  brass,  the  viscosity  of 
e  oil  and  the  load  on  the  journal.  He  assumed,  what  indeed 
id  been  experimentally  proved,  that  the  particles  of  oil  in 
:tual  contact  with  the  shaft  or  the  brass  do  not  slip  on  the 
etal  surface,  but  remain  fixed  in  contact  therewith,  while  other 
irts  of  the  oil  are  subject  to  more  or  less  motion  parallel  to 
e  surfaces  as  influenced  by  the  distance  from  the  surfaces,  the 
scosity  of  the  oil,  the  pressure  and  the  motion  of  the  surfaces, 
pen  these  assumptions  he  was  able  to  calculate  the  friction 
id  what  the  pressure  should  be  at  any  point  in  the  oil  film,  and 
s  calculated  results  agreed  fairly  well  with  Tower's  experi- 
ental  results.  He  furthermore  derived  certain  important  re- 
ilts,  which  did  not  appear  directly  from  Tower's  experiments, 
mong  these,  and  perhaps  the  most  important  of  all,  is  the  fact 
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that  the  cvlindrical  surfaces  of  the  shaft  and  the  brass  are  not 
concentric,  but  that  a  slight  eccentricity  always  exists,  in  such 
manner  that  the  oil  film  may  be  roughly  stated  to  have  the  general 
form  of  a  very  thin  wedge.  This  wedge  is  thickest  toward  the 
side  where  the  oil  enters  with  the  shaft  in  its  rotation,  and  thin- 
nest toward  the  leaving  side.  The  oil,  because  of  its  adhesion 
to  the  shaft  and  because  of  its  viscosity  or  resistance  to  flow,  is 
dragged  into  this  wedge-shaped  space  by  the  shaft  in  its  rotation, 
and  this  action  sets  up  the  pressure  in  the  oil,  which,  in  turn, 
supports  the  load  on  the  brass.  This  wedge-shaped  film  of  oil 
was  shown  by  Reynolds  to  be  the  absolutely  essential  feature 
of  eflFective  automatic  lubrication.  Without  it  no  great  load 
can  be  borne  on  the  bearing  except  with  the  accompaniment  of 
high  friction. 

In  the  ordinary  shaft  journal  the  formation  of  the  wedge- 
shaped  film  of  oil  causes  a  slight  lifting  of  the  shaft  against  the  load 
together  with  a  slight  lateral  displacement.  It  is  well  known 
that  bearings  of  this  type  are  reliable  and  satisfactory  in  their 
operation.  Ordinary  collar  bearings,  however,  such  as  are  com- 
monly used  on  line  shafting  and  the  like,  are  not  only  deficient 
in  load  carrying  capacity,  but  such  small  loads  as  they  carry  are 
accompanied  by  relatively  high  friction.  This  was  well  brought 
out  in  some  of  the  experiments  of  Tower  previously  referred 
to.  The  reason  for  this  is  evident  from  the  principles  established 
by  Reynolds.  The  surfaces  are  everywhere  parallel,  with  no  pos- 
sibility of  relative  adjustment  such  as  to  permit  the  formation 
of  a  wedge-shaped  film  of  oil.  The  new  type  of  bearing  may  be 
regarded  as  a  collar  bearing  in  which  one  of  the  collars  has  been 
cut  into  several  sectors,  each  of  the  sectors  being  so  mounted 
that  it  can  pivot  over  its  support.  This  freedom  of  support 
enables  it  to  adjust  itself  to  the  rotating  collar  so  that  the  desired 
wedge-shaped  film  of  oil  is  formed  between  each  sector  and  the 
collar. 

The  theory  of  lubrication  cannot  be  entered  upon  here.  It 
may,  however,  be  stated  that  the  approximate  theory,  which 
assumes  the  shoes  to  be  indefinitely  wide  in  the  radial  direction, 
indicates  that  for  the  greatest  load  supporting  power  of  an  oil 
film  of  given  minimum  thickness  and  at  the  same  time  the  low- 
est friction,  the  point  of  support  of  the  shoe  should  be  placed 
not  less  than  lo  per  cent  of  the  width  of  the  shoe  away  from  its 
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the  entering  edge  as  at  the  leaving  edge  when  the  point  of  sup^ 
port  IS  in  the  best  position. 

The  capacity  of  the  new  thrust  bearings  depends  upon  many 
conditions,  chief  among  which  are  the  speed  of   rotation,  the 
dimensions  of  the  bearing  and  the  viscosity  of  the  oil,  together 
with    the    provisions    for    removing    the    heat    generated   by 
the  friction  in  the  oil  film.    The  pressures  ordinarily  allowed  arc 
300  to  400  lb.  per  sq.  in.  in  vertical  hydro-electric  units,  and 
up  to  500  lb.  in  horizontal  steam  turbines.    The  capacity  of  the 
bearing  is  relatively  much  greater  than  that  of  the  cylindrical 
shaft  bearings,  apparently  because  the  automatic  adjustment  of 
the  shoes  is  independent  of  any  question  of  clearance  or  of 
curvature  of  the  surface.        The  thickness  of  the  film  increases 
as  the  speed  increases,  being  approximately  proportional  to  the 
square  root  of  the  speed  as  indicated  by  the  theory.   Higher  speed 
also  enables  higher  load  to  be  carried  with  a  given  thickness  of 
oil  film. 

General  rules  that  have  become  well  established  for  shaft 
bearing  practise  apply  equally  well  to  the  new  thrust  bearing ;  that 
is,  for  low  speed  and  heavy  loads  a  thick  oil  must  be  used,  while 
for  high  speed  and  light  loads,  thinner  oil  is  required.  It  is 
also  found  that  for  high  speeds  it  is  preferable  to  have  the  shoes 
faced  with  babbitt  metal,  the  collar  being  of  cast-iron  or  mild 
steel.  For  very  low  speeds,  coupled  with  high  unit  pressures, 
hardened  steel  or  chilled  iron  may  be  used  for  the  collars,  and 
brass  or  bronze  for  the  shoes. 

The  friction  of  the  new  type  of  bearing  is,  as  a  rule,  satis- 
factorily low.  It  depends  on  numerous  fattors,  including  the 
speed,  the  load,  the  viscosity  of  the  oil  and  the  temperature  at- 
tained. It  also  depends  upon  the  number  and  the  shape  of  the 
shoes  and  the  position  of  the  points  of  support.  An  approximate 
rule  for  bearings  having  six  eccentrically  supported  shoes  with 
inside  diameter  one-half  the  outside  diameter,  and  loaded  to  350 
II).  per  sq.  in.  of  shoe  area,  nsinp:  dynamo  oil  and  keeping  the 
temperature  at  about  40  deg.  cent,  makes  the  mean  co-efficient 
of  friction  o.(xxyx)  V  rev.  per  min.,  and  varying  inversely  as  the 
.square  root  of  the  unit  pressure.  For  example,  if  the  shaft  runs 
at  100  rev.  per  niin.  the  mean  co-efficient  of  friction  is  0.0009  if 
the  pressure  is  350  lb.  per  sq.  in.     It  will  be  noted  that  this  is 
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clean  oil  the  only  wear  that  takes  place  is  that  due  to  the  rub- 
bing of  the  metals  when  starting  and  stopping.  For  conditions 
such  as  exist  in  horizontal  steam  turbines  there  is  very  little 
load  on  the  thrust  bearing  at  starting,  and  hence  no  reason  to 
expect  much  wear.  With  vertical  hydro-electric  units  and  sim- 
ilar machines,  in  which  the  entire  weight  of  the  rotating  part  is 
carried  on  the  thrust  bearing  at  all  times,  it  is  found  that  the 
wear  of  the  bearing  is  practically  negligible. 

Following  are  some  test  results,  which  will  serve  to  show  the 
general  range  and  capacity  of  the  new  thrust  bearings : 

Case  I 

Thrust  bearing  4^  in.  outside  diameter,  with  10  babbitted 
centrally  supported  shoes  of  approximately  i  sq.  in.  each,  run  at 
3500  rev.  per  min.,  mean  speed  3250  ft.  per  min.,  with  a  free 
supply  of  turbine  oil  circulated  through  the  bearing.  The  max- 
imum available  load  was  11,700  lb.  The  bearing  carried  this 
load  without  distress.  By  successively  removing  shoes,  nearly 
the  same  total  load  was  borne  on  eight,  six,  four  and  two  shoes, 
the  latter  condition  giving  a  mean  unit  pressure  of  5400  lb. 
per  sq.  in.  The  babbitt  on  the  two  shoes  was  finally  cut  away, 
leaving  about  0.6  sq.  in.  on  each  shoe;  the  bearing  was  then 
loaded  to  11,700  lb.,  or  9800  lb.  per  sq.  in.  nominal  area,  and  car- 
ried this  load  without  overheating  or  injuring  the  surfaces. 
The  babbitt,  however,  spread  under  the  pressure  so  that  its  area 
increased  to  0.83  sq.  in.  per  shoe,  thus  making  the  actual  mean 
pressure  7050  lb.  per  sq.  in.  In  all  these  tests  the  runs  were  of 
short  duration. 

Case  II 

Thrust  bearing  10  in.  outside  diameter,  tested  on  a  vertical 
motor-driven  pumping  unit;  6  babbitted  shoes,  centrally  sup- 
ported. Load  17,900  lb.,  pressure  390  lb.  per  sq.  in.,  speeii 
300  rev.  per  min.  The  housing  contained  about  10  gal.  of  oil, 
with  no  external  circulation.  The  bearing  gave  satisfactory 
operation  during  several  days*  test,  the  maximum  temperature 
rise  being  36  deg.  cent,  above  the  surrounding  air. 

Case  III 

Thrust  bearing  for  vertical  hydro-electric  generating  unit, 
6  babbitted  shoes  with  eccentric  supports  (Figs,  i  and  2),  out- 
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side  diameter  of  shoes  48  in.,  total  load  on  bearing  410,000  lb., 
area  of  shoes  1160  sq.  in.,  unit  pressure  350  lb.  per  sq.  in.,  94  rev. 
per  min.,  mean  surface  speed  900  ft.  per  min.,  light  mineral  oil 
flowing  through  bearing  at  the  rate  of  15  gal.  per  min.,  mean 
temperature  rise  of  oil  in  bearing  approximately  3  deg.  cent, 
frictional  loss  in  bearing  approximately  9  hp.,  co-efficient  of 
friction  approximately  0.0008.  A  test  was  made  at  a  speed  of 
10  rev.  per  min.,  the  mean  surface  speed  being  95  ft.  per  min., 
and  it  was  found  that,  at  this  low  speed,  the  oil  film  was  main- 
tained, and  that  the  lubrication  was  entirely  satisfactory.  The 
friction  was  much  less  than  at  full  speed — so  small  that  no 
definite  data  as  to  its  value  could  be  obtained. 

A  test  was  made  without  the  continuous  fresh  supply  of  oil. 
The  housing  contained  570  gal.  of  oil,  and  the  heat  capacity  of 
this  oil  and  the  metal  parts  enabled  the  bearing  to  be  run  at 
the  normal  speed  of  94  rev.  per  min.,  with  a  temperature  rise  of 
only  3  deg.  cent,  in  one  hour. 

This  bearing  was  inspected  after  3J4  months'  service.    No 
measurable  wear  was  found,  the  bright  contact  spots  on  the  bab- 
bitt having  increased  in  area  but  slightly  since  being  put  in  serv- 
ice.   At  the  present  time  this  bearing  has  been  in  service  nearly  . 
a  year  without  giving  trouble  or  requiring  attention. 

DISCUSSION 

The  Chairman  :  Is  there  to  be  discussion  on  either  the 
water  power  portion  of  the  Prime  Movers  Committee  report,  or 
on  Mr.  Kingsbury's  paper? 

Mr.  J.  C.  Parker,  Rochester:  The  contribution  by  Prof. 
Allen  to  the  report  is  of  so  great  value  that  discussion  should  not 
go  by  default  on  it.  I  think  that  ordinarily  operators  have  been 
inclined  to  attach  a  great  deal  of  importance  to  switchboard 
measurement  of  electrical  output,  and  but  little  importance  to 
the  measurement  of  wastage  in  the  boiler  room  of  a  steam  plant, 
or  in  the  turbines  of  a  hydraulic  plant. 

Prof.  Allen  has  laid  a  great  deal  of  stress  in  his  paper  on  the 
importance  of  hydraulic  efficiency  tests.  It  is  readily  possible  for 
the  efficiency  in  operating  conditions  of  a  hydraulic  plant  to  fall 
off  4,  5,  10  or  more  per  cent.  I  think  few  of  us  realize  until  we 
have  got  to  the  hydraulic  efficiency  test,  just  how   rapidly  a 
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hydraulic  plant  will  deteriorate  without  any  sijj^s  of  distress.  A 
decrease  in  efficiency  of  lo  per  cent  in  a  hy<Iraulic  of^erating  plant 
means  that  lo  per  cent  of  the  plant  investment  and  of  the  capi- 
talized operating  cost  is  absolutely  useless.  It  niigfht  easily  be  that 
such  a  deterioration  would  mean  Sio  to  $20  of  capital  investment 
per  horse  power  of  the  plant  absolutely  put  out  of  effective  senice. 
On  a  single  unit  running  in  the  neighlxjrhood  of  10,000  hori«<: 
|X)wer,  that  represents  quite  a  tidy  sum  of  money  and  will  justify 
a  great  deal  of  careful  testing. 

The  Rochester  company  has  during  the  last  year  made 
hvdraulfc  tests  for  efficiency  on  practically  all  of  its  stations.  The 
results  of  these  tests  have  been  astounding  to  us.  As  a  matter 
of  pride  in  our  own  housekeeping  I  would  scarcely  care  to  put 
into  the  record  of  discussion  what  our  findings  were.  It  is  suffi- 
cient to  say  that  those  findings  resulted  in  our  determining  to 
retire  from  use  two  of  our  hydraulic  stations  and  to  supplant 
them  by  one  other,  completely  rebuilt  from  the  ground  up.  That 
is  an  indication  of  the  dollars  and  cents  value  of  efficiencv  tests 
on  existing  hydraulic  plants. 

I  should  certainly  urge  that  no  company  design  a  plant  with- 
out making  provision  for  frequent  and  simple  tests  of  the  water 
in-put.  I  do  not  believe  that  the  weir  method  or  current  meter 
methods  are  particularly  satisfactory.  The  weir  is  after  all  only 
a  secondary  standard,  and  where  the  quantities  measured  are  very 
small  there  is  liabilitv  to  grave  error  under  the  formula  that  ^x»u 
may  use  as  your  r>wn  particular  pet.  Moreover,  an  investigation 
of  the  weir  fornuihe  in  common  practise  will  indicate  that  you  can 
use  a  fomnila  that  will  vary  the  results  by  as  much  as  5  per  cent, 
simply  by  selecting  one  that  looks  good  to  you.  I  believe,  there- 
fore, that  it  is  better  to  adhere  to  the  absolute  standard  of  meas- 
urement which  you  can  get  through  a  Pitot  tube. 

Inasmuch  as  the  losses  in  any  modern  generator  are  very 
small,  so  that  the  losses  themselves  arc  pretty  nearly  within  the 
limits  of  error  in  the  hydraulic  test  methods,  and  as  these  losses 
are  little  liable  to  change.  I  believe  that,  at  least  for  comparative 
test  purposes,  the  direct  generator  load  is  preferable  to  the  brake 
h»a<I  reconiniriuK-d  l)y  Troffss^jr  Allen.  What  we  are  interestecl 
in.  after  all.  is  the  input -oiit|)iit  officicncy  of  the  generator  unit — 
titrhine  and  generator  combined.  T,  therefore,  feel  that  we  can 
got  the  most  satisfactory  results  by  metering  the  water  input. 
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either  through  a  Venturi  contraction  in  the  pipe  Hne,  or  through 
a  permanently  installed  Pitot  tube,  and  metering  the  output  by 
the  switchboad  meter,  or  a  special  meter  installed  during  the  test 
period. 

Mr.  Rushmore:  In  glancing  over  this  report  very  hastily 
I  see  one  point  brought  out  regarding  water-wheels  of  which  1 
do  not  find  any  explanation.  Having  myself  examined  a  great 
many  wheels  that  have  been  eaten  up  in  this  way,  I  would  say 
that  it  is  quite  impossible  for  this  action  to  have  taken  place 
because  of  eddy  currents  in  the  water.  A  considerable  discussion 
in  the  past,  in  which  we  have  always  been  helped  by  Dr.  Stein- 
metz,  has  brought  out  the  theory  that  a  partial  vacuum  is  created 
which  draws  the  oxygen  out  of  the  water.  After  the  oxygen 
comes  out,  it  is  quite  active  chemically,  and  in  that  way  it  has  an 
action  very  different  from  the  actual  water  itself  or  the  oxygen 
in  the  air. 

The  Chairman  :  1  am  afraid  we  shall  have  to  limit  discus- 
sion on  this  subject.  There  is  another  session  to  follow  this  one, 
but  before  we  adjourn  this  first  session  of  the  Hydro-Electric  Sec- 
tion, it  is  in  order  to  select  a  nominating  committee. 

Nominations  are  in  order. 

A  Member:     Mr.  Holton  H.  Scott. 

A  Member:     Mr.  A.  A.  Dion. 

A  Member:     Mr.  F.  B.  H.  Paine. 

The  Chairman:  Mr.  Holton  H.  Scott,  of  New  York  City; 
Mr.  A.  A.  Dion,  of  Ottawa,  111.,  and  Mr.  F.  B.  H.  Paine,  of 
Buffalo,  N.  Y.,  have  been  named  as  members  of  the  Nominating 
Committee.  (It  was  moved,  seconded  and  carried  that  the 
nominations  be  closed  and  the  Secretary  instructed  to  cast  one 
ballot  for  these  gentl.emen  to  compose  the  Nominating  Com- 
mittee. ) 

The  Chairman  :  We  will  close  the  first  session  of  the 
Ilydro-Klectric  Section. 

(Adjourned.) 


SECOND  HYDRO-ELECTRIC  AND  TRANS- 
MISSION SESSION 


THURSDAY  AFTERN(X)N,  JUNE  5 


The  Chairman,  Mr.  W.  N.  Ryerson:  We  will  first  listen 
to  a  paper  entitled  Poles  and  Pole  Preservation,  hy  Mr.  R.  A. 
Griffin  of  New  York  Citv. 


POLES  AND  POLE  PRESERVATION 

Mr.  Chairman  and  Gentlemen  of  the  National  Electric  Light 
Association: 

I  greatly  appreciate  the  honor  of  the  invitation  extended  to 
me  by  your  Secretary,  Mr.  Martin,  to  appear  before  this  large 
body  of  thoughtful  and  exceptionally  able  engineers  and  electrical 
business  men,  to  address  you  on  the  subject  of  poles  and  pole 
preservation.  It  is  a  subject  in  which  I  have  been  particularly 
interested  for  some  20  years;  first  through  my  connection  with 
the  American  Telephone  and  Telegraph  Company,  and  since  1904, 
as  manager  of  the  pole  department  of  the  Western  Electric  Com- 
pany, and  I  can  appreciate  that  it  is  a  subject  in  which  your  com- 
panies now  take  an  active  interest  as  a  result  of  the  marvelous 
growth  of  your  industry  in  recent  years,  and  your  consequent 
heavy  investment  in  pole  lines. 

To  those  interested,  few  subjects  in  recent  years  have  received 
closer  or  more  careful  and  earnest  study  and  research  than  that 
pertaining  to  the  proper  building  of  pole  lines  and  to  the  preserva- 
tion of  those  lines  after  they  are  built.  Of  primary  importance  is 
the  selection  of  the  best  woods  to  use  for  poles  and  then  the 
determination  of  the  size  of  poles  to  insure  the  necessary  strength 
for  a  required  capacity.  Finally,  and  quite  as  essential  to  the 
interests  of  the  operating  companies,  is  the  question  of  the  preser- 
vation from  decay  of  the  poles  in  their  lines,  in  order  to  insure 
the  maximum  life  at  a  minimum  investment.  This  latter  ques- 
tion is  one  that  may  also  properly  be  classified  as  a  feature  of  the 
great  question  of  the  conservation  of  the  country's,  timber  supply 
in  which  our  government  is  so  vitally  and  properly  interested  at 
the  present  time. 

The  demand  for  wooden  poles  during  the  past  few  j^ears  by 
the  telephone  and  telegraph  companies,  the  electric  light  and 
power  companies  and  by  the  railroads,  has  been  enormous.  The 
latest  census  report  shows  that  in  1910  approximately  3,870,000 
poles  were  purchased — this  means  a  similar  number  of  trees,  for 
ordinarily  but  one  pole  is  made  from  a  tree.  The  consumption 
in  191 1  and  1912  was  unquestionably  greater,  though  no  census 
figures  hav^  been  furnished.     My  company  alone,  which  dis- 
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tributes  throughout  the  entire  United  States,  in  1912,  sold, 
handled  and  shipped,  considerably  over  a  million  poles,  and  our 
shipments  this  year  are  being  made  at  the  rate  of  over  one  and 
one  quarter  of  a  million  poles.  I  cite  these  figures  in  order  that 
you  may  the  better  appreciate  the  drain  on  our  forests  and  the 
consequent  necessity  for  immediate  careful  consideration  of  the 
best  methods  for  preserving  your  pole  lines.  Four  million  poles 
a  year,  at  say  an  average  of  $3.00  each,  is  an  annual  investment 
of  $12,000,000. 

At  the  end  of  the  year  19 12,  the  Bell  Telephone  System 
owned  315,000  miles  of  pole  line,  or  at  40  poles  to  the  mile,  12,- 
600,000  poles.  Add  to  this  approximately  223,000  miles  of  pole 
line  in  the  plant  of  the  Western  Union  Telegraph  Co.  and  we 
find  over  20,500,000  poles  standing  to-day  in  the  lines  of  these 
two  great  systems;  sufficient  to  build  a  continuous  pole  line 
211/2  times  around  the  world.  To  reproduce  this  plant  would,  00 
a  basis  of  an  average  of  40  poles  to  the  acre,  which  is  a  foir 
approximate  production,  require  a  forest  of  800  square  miles. 
In  addition,  the  electric  light  and  power  companies  are  purchasing 
wooden  poles  now  at  the  rate  of  approximately  700,000  poles  a 
year.  Within  a  very  short  time  we  shall  unquestionably  see  an 
annual  demand  in  this  country  for  maintenance  and  replacements 
alone  of  2,500,000  poles.  We  can  figure  the  average  life  of  an 
untreated  cedar  or  chestnut  pole,  set  in  the  ground,  as  12  to  15 
years.  It  requires  an  average  of  about  60  years  for  a  tree  to 
attain  a  growth  suitable  for  poles;  it  is  seen,  therefore,  that  the 
production  takes  place  at  about  one-fifth  the  rate  of  consumption. 
The  actual  amount  of  available  timber  is  constantly  decreasing, 
but  we  see  no  corresponding  decrease  in  the  demand,  but  rather 
an  increase,  and  the  actual  supply  to-day  is  being  greatly  taxed 
to  meet  the  great  demands  upon  it.  It  would  therefore  seem  to 
be  essential : 

(  I )  That  even  better  attention  be  given  to  the  preservation 
of  our  forests. 

(2)  That  better  care  be  given  the  economical  utilization 
of  our  present  timber  supply. 

(3)  That  the  large  users  of  poles  should  at  once  make 
preparation  for  the  preservative  treatment  of  their 
[)ermanent  lines  by  artificial  methods. 
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The  timber  resources  of  this  country  have  been  so  vast  that 
"we  have  without  thought,  wasted  them,  until  now  we  are  facing 
the  vital  necessity  of  greater  care  and  thought  for  the  future. 

The  problem  of  increasing  the  life  and  service  of  wood  is 
one  which  is  of  the  greatest  general  interest  to  every  consumer 
of  timber  to-day.  It  is  the  problem  in  its  application  to  poles 
that  I  wish  particularly  to  treat. 

The  trees  of  this  country  are  divided  into  three  classes: 

(i)  The  needle-leaved  or  conifers,  such  as  cedars,  pines, 
etc. 

(2)  The  broad-leaved  trees,  such  as  maple,  hickory,  elm, 
oak,  chestnut,  etc.,  and 

(3)  The  palms. 

The  broad-leaved  trees  are  deciduous,  i.  e.,  they  shed  their 
leaves  annually,  while  the  conifers  are  known  as  evergreens.  In 
the  lumber  trade  the  broad-leaved  trees  are  generally  known  as 
"hardwood,"  while  the  conifers,  or  evergreens,  are  known  as 
"softwoods." 

Wood  is  composed  of  a  multitude  of  cells  or  tubes,  closed  at 
the  ends,  and  which  are  firmly  united  and  lie  up  together 
to  form  the  wood  structure.  The  wood  cells  are  not  uniform,  but 
differ  in  their  diameter  and  length  and  the  thickness  of  their  walls. 
A  new  layer  of  wood  is  formed  each  year  on  a  living  tree,  cover- 
ing the  entire  trunk  and  all  the  branches.  Each  layer  forms  a 
complete  casing  around  its  inner  neighbor  so  that  the  whole  tree 
is  built  up  of  a  series  of  cylinders  or  cones.  It  is  the  outermost 
rings  of  the  wood  in  a  tree  that  carry  the  sap  and  constitute  the 
living  elements.  It  is  in  them  that  the  circulation  of  water  takes 
place.  As  the  center  of  the  trunk  is  approached  the  wood  cells 
gradually  lose  their  contents  and  become  filled  with  air ;  it  is  this 
part  of  the  tree  that  is  known  as  the  heart.  The  heartwood  in 
most  trees  is  easily  distinguished  from  the  sapwood  by  its  darker 
color.  The  heartwood  has  no  part  in  the  life  of  the  tree  and 
no  sap  is  carried  through  the  heart.  The  depth  to  which  the 
living  elements  extend  depends  on  the  nature  of  the  tree.  In  some 
trees  it  extends  through  some  30  rings,  or  30  years  of  growth, 
while  on  others,  such  as  red  cedar,  through  but  15  rings.  The 
heartwood  contains  less  of  water  and  starches  than  the  sapwood, 
and  the  walls  of  these  mature  cells  are  filled  with  coloring  matter, 
such  as  resins  and  gums,  making  the  heartwood  heavier,  harder 
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and  more  durable  than  the  sapwood ;  consequently  the  greater  it 
proportion  of  heartwood,  the  more  durable  is  the  wood. 

Only  those  woods  which  are  the  most  durable  after  die 
trees  are  cut  are  used  for  poles-— durability  in  wood  meaning  Ae 
length  of  time  which  it  remains  serviceable  as  a  conseqtience  of 
the  sound  condition  of  its  fiber  and  its  freedom  from  decay.  Tim- 
ber is  classified  as  long-lived  and  short-lived,  in  proportion  to  its 
ability  to  resist  decay.  Hardness  and  density  apparently  have  od 
bearing  one  way  or  the  other  on  its  durability ;  white  oak,  for 
example,  though  a  very  hard  and  strong  wood,  decays  very  rapidk 
in  the  ground,  and  consequently  is  not  suitable  for  pK>les,  whereas 
the  light,  porous  and  in  some  respects,  defective  swamp  cedv, 
resists  decay  and  is  a  comparatively  long-lived  timber.  Chestant 
wood  is  stronger  and  heavier  than  cedar  and  makes  an  excellent 
pole,  though  the  process  of  decay  is  somewhat  more  rapid  than  ii 
the  cedars.  Cedar  (both  Northern  and  Western)  is  used  more 
extensively  for  poles  than  any  other  wood,  over  60  per  cent  of  4e 
consumption  at  present  being  of  this  wood.  At  present,  by  far 
the  largest  part  of  the  cedar  poles  is  produced  in  Minnesota. 
Wisconsin  and  Michigan,  but  the  Northwest  (Washington  and 
Idaho,  as  well  as  British  Columbia)  is  being  called  upon  for  a 
constantly  increasing  supply.  A  highly  organized  system  of  pro- 
ducing and  distributing  cedar  poles  by  modem  lumbering  methods, 
has  been  developed,  in  which  my  company  has  become  very  mudi 
interested  in  the  past  ten  years. 

Next  in  importance  to  cedar  for  use  as  poles  is  chestnut, 
j^^rown  in  the  Eastern  States.  This  wood  supplies  approximately 
20  per  cent  of  the  poles  used.  The  chestnut  is  rapidly  disappear- 
ing in  consequence  of  a  very  serious  blight  which  has  affected 
wide  areas.  Even  though  dead  at  the  time  of  cutting,  if  the 
wood  is  sound  the  tree  is  entirely  suitable  for  use  as  poles.  Gov- 
ernment investigations  show  that  this  blight,  which  is  a  bark 
disease,  kills  the  tree  by  girding  the  trunk  and  that  unsound  or 
rotten  wood  is  not  a  consequence  of  the  disease.  Strength  tests 
made  upon  chestnut  killed  by  the  bark  disease,  show  that  soond 
wood  from  dead  trees  is  as  strong  as  the  green  wood  of  the  same 
species,  seasoned  to  the  same  dryness. 

]\y  tlic  decay  nf  timber  we  mean  the  change  from  the  sound 
or  perfect  condition  to  an  inferior  state.  It  is  now  known  that 
decay  is  caused  by  the  activity  of  lower  forms  of  animal  and  plant 
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The  living  organisms  which  cause  the  decay  of  wood  may 
be  insects,  bacteria  or  fungi.  Insects  bore  into  the  sound  wood 
and  sometimes  so  riddle  it  that  it  falls  to  pieces.  These  insects, 
such  as  beetles  and  white  ants,  are  particularly  active  in  the  hot 
climates,  and  the  teredo  abound  in  Southern  waters ;  but  decay  in 
the  sense  in  which  it  is  usually  understood  is  caused  by  bacteria 
or  fungi.  These  fungi  are  so  minute  that  they  can  be  seen  only 
by  the  aid  of  a  powerful  microscope,  but  the  fruiting  bodies  of 
these  fungi,  commonly  called  toadstools,  are  familiar  objects  to 
you  all.  They  are  a  lower  class  of  plant  life  which  obtain  their 
food  by  breaking  up  the  chemical  compounds  of  whiph  wood  is 
composed.  They  bring  about  changes  in  the  wood  by  excreting 
chemical  substances  known  as  ferments,  which  exert  a  soluble 
action  on  the  wood  cells.  The  conditions  necessary  for,  and 
&voring  the  development  of  the  wood-destroying  fungi,  are, 
organic  food  materials,  air,  water  and  heat. 

If  one  or  more  of  these  essential  requirements  is  lacking  the 
fungi  cannot  thrive  and  the  decay  of  the  timber  will  be  prevented. 
Wood  continually  submerged  in  water  will  not  rot,  because  of 
insufficient  supply  of  air,  nor  will  decay  occur  where  the  wood  is 
not  subjected  to  moisture.  No  fungus  growth  will  take  place 
under  water  or  in  the  ground  at  a  depth  of  two  feet  or  more. 

The  decay  of  a  pole  takes  place  principally  at  the  ground  line. 
The  upper  part  of  the  pole,  permanently  in  the  air,  and  exposed 
to  little  or  no  water,  except  rain  from  which  it  rapidly  dries,  is 
rarely  found  decayed.  The  deeply  buried  part  of  the  butt,  though 
permanently  damp,  does  not  decay,  because  it  is  devoid  of  air. 
The  maximum  decay  in  a  pole  therefore  occurs  at  the  point 
where  it  is  subject  to  the  combination  of  air,  moisture  and  heat, 
the  ground  holding  the  moisture  keeping  the  timber  constantly 
in  an  environment  of  air.  Even  under  the  best  conditions  we 
can  get  but  a  short  life  out  of  our  poles,  notwithstanding  that 
they  are  selected  from  the  long-lived  timbers.  It  is  for  this 
reason  that  recourse  has  been  taken,  in  many  instances,  to  chemical 
means  to  make  these  poles  immune  to  decay. 

Chemical  preservation  involves  the  injection  into  the  wood 
of  some  substance  which  will  poison  the  fungi  which  cause  the 
decay.  There  are  a  large  number  of  so-called  wood  preservatives 
on  the  market  of  which  but  a  few  have  been  found  worthy  of  the 
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name,  or  of  much  consideration.     The  ideal  preservative  shoul: 
conform  to' the  following  conditions: 

( 1 )  It  should  be  highly  preservative ;  that  is,  poisonous  to 

bacteria  and  other  destroying  agencies. 

(2)  It  should   be  of  a  character  to  penetrate    the  wood 

easily  and  deeply. 

(3)  It  should  remain  in  the  wood  and  not  be  soluble  or 

volatile. 

(4)  It  should  be  cheap. 

Experience  here  and  abroad  has  shown  that  the  best  timber 
preservative's  coal  tar  creosote,  though  other  preservatives,  such 
as  chloride  of  zinc,  copper  sulphate  and  bichloride  of  mercury, 
have  been  used  with  varying  degrees  of  success,  but  the  coal 
tar  creosotes  combine  the  essentials  above  enumerated,  to  a 
greater  degree  than  any  other  preservative  yet  discovered  or 
introduced. 

Many  methods  for  the  preservation  of  timber  have  been  tried, 
but  with  no  very  gratifying  results.  I  will  refer  to  some  of 
them  briefly. 

CHARRING 

This  method  has  been  practised  from  the  earliest  times,  h 
is  of  some  value,  but  has  its  limitations  and  must  be  considered 
at  best  as  only  of  temporary  benefit.  Its  disadvantage  consists 
in  the  fact  that  it  is  liable  to  make  large  checks  through  which  the 
germs  of  decay  may  pass  into  the  body  of  the  wood.  Charring 
is  really  a  detriment  unless  the  wood  is  absolutely  dry ;  if  green 
or  wet  wood  is  charred,  a  more  or  less  impervious  layer  is 
formed  on  the  outside  of  the  wood  which  prevents  evapora- 
tion from  the  interior  of  the  poles  and  consequently  tends  to 
hasten  rather  than  retard  decay. 

CONCRETE  OR  LOOSE  STONE  SETTING 

The*  practise  of  setting  poles  in  c(Micrcte  or  broken  .<^tone 
has  ofttMi  been  followed.  The  broken  stone  has  given  fair  result 
as  it  allows  ventilation  and  prevents  the  collection  of  water.  If 
poles  are  set  in  concrete,  sufficient  air  is  sure  to  get  in  between 
the  pole  and  the  jacket  to  permit  the  development  of  the  decay 
producing  fungi. 
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TAR    OR    ASPHALT    COATING 


These  substances  have  no  penetrative  or  antiseptic  prop- 
erties and  therefore  merely  act  as  a  protective  jacket.  Sufficient 
air  and  moisture,  however,  will  work  in  between  the  surface  of 
the  pole  and  its  covering  to  permit  decay. 

PAINTING 

Painting  hinders  the  entrance  of  fungus  germs  and  in  con- 
sequence tends  to  act  as  a  preservative,  but  again,  if  the  wood 
is  painted  while  green,  the  effect  is  only  to  hasten  decay  as  the 
excess  moisture  is  held  in  the  wood. 

CREOSOTING 

Unquestionably  the  most  perfect  method  of  timber  preser- 
vation at  the  present  time,  is  the  injection  of  coal  tar  creosote 
or  dead  oil  of  coal  tar  into  the  timber.  In  commercial  practise 
this  is  done  in  three  ways: 

(i)     By  the  closed  tank  pressure  method 

(2)  By  the  open  tank  method,  and 

(3)  By  application  with  a  brush. 

I  shall  attempt  to  treat  these  three  methods  briefly  and 
cite  you  some  of  the  results  which  have  thus  far  been  obtained 
in  this  country.  This  process  of  treatment  of  poles  is  the  only 
one  known  at  present,  which  will  not  only  prevent  the  decay 
of  timber,  but  which  will  resist  the  attack  of  timber-destroying 
insects.  The  work,  however,  must  be  honestly  and  efficiently 
done ;  this  is  of  primary  importance.  Unfortunately  much  fraud 
has  been  practised  at  various  treating  plants  in  this  country  by 
the  substitution  of  inferior  or  adulterated  oil,  or  by  injecting  into 
the  timber  less  than  the  quantity  of  oil  specified. 

Dead  oil  of  coal  tar,  or  coal  tar  creosote,  is  one  of  the 
by-products  of  the  manufacture  of  coal  gas.  It  is  not  known 
absolutely  to  just  what  components  of  the  oil  the  preservative 
process  is  due,  but  the  efficiency  of  dead  oil  of  coal  tar  and 
carbolineum  (which  is  practically  dead  oil  of  coal  tar  with  many 
of  its  lighter  distilling  constituents  removed)  has  been  amply 
proven,  not  only  in  this  country,  but  abroad,  and  they  are  now 
generally  recognized  as  the  most  effective  timber  preservatives 
and  best  adapted  to  the  treatment  of  poles.  We  know  that  poles 
treated  by  this  process  in  England  50  years  ago  are  still  in  serv- 
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ice  and  in  sound  condition,  and  complete  government  records  in 
Germany  for  the  past  50  years  demonstrate  the  superiority  of 
this  preservative  over  all  others.  American  practise  and  opinion 
coincide  with  these  results,  although  our  experience  has  not  ex- 
tended over  so  many  years. 

In  1897,  while  in  the  service  of  the  American  Telephone  and 
Telegraph  Co.,  I  arranged  for  the  purchase  of  some  10,000  creo- 
soted  yellow  pine  poles  for  a  line  which  was  built  in  that  year 
from  Washington,  District  of  Columbia,  to  Norfolk,  Va.  These 
poles  were  treated  their  entire  length  by  the  closed  cylinder  pres- 
sure process  at  the  works  of  the  Norfolk  Creosoting  Co.,  under 
a  specification  requiring  the  injection  of  12  lbs.  of  dead  oil  o£ 
coal  tar  to  the  cubic  foot.  A  recent  inspection  of  this  line 
showed  it  to  be  in  practically  a  perfect  state  of  preservation.  It 
is  safe  to  say  that  these  same  poles,  untreated,  would  have  served 
their  usefulness  in  about  four  years,  as  yellow  pine  rots  very 
rapidly  in  the  ground. 

CLOSED  CYLINDER  PRESSURE  TEtEATMENT 

I  shall  not  attempt  to  describe  in  detail  the  method  of  treat 
ment  by  the  closed  cylinder  pressure  process,  as  this  method,  asj- 
well  as  the  specification  for  dead  oil  of  coal  tar,  was  thorougb^f 
covered  in  the  report  of  your  Committee  on  "Preservative  Treat- 
ment on  Poles  and  Cross-arms,"  submitted  and  approved  at  your 
meeting  in  New  York  in  191 1,  and  to  which  I  refer  you;  but 
the  experiments  and  investigations  which  have  been  conducted  bf I 
the  American  Telephone  and  Telegraph  Co.  during  the  past  tat  ^ 
years  or  more  have  indicated  that  yellow  pine  can  be  economicaH^i 
utilized  for  poles  when  thus  treated,  in  a  large  section  of  ttt 
country,  particularly  in  the  South.     However,  on  account  of  the 
expense  of  this  complete  treatment  in  other  sections  of  the  coun^ 
try,  many  experiments  in  the  partial  treatment  of  poles  by  W 
open  tank  and  brush  method  have  been  conducted,  and  I 
glad  to  say  that  the  results  thus  far  obtained  have  been 
gratifying,  and  even  better  than  at  first  anticipated. 

It  is  not  practical,  even  with  the  best  methods  of  treai 
to  impregnate  the  wood  throughout,  nor  is  such  a  penetrai 
necessary.     The  value  of  the  treatment  consists  in  forming 
outer  protective  envelope  around  the  untreated  heart;  the  tU< 
ness  necessary  for  this  envelope  depending  on  the  use  to  wl 
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the  character  of  the  soil  in  which  it  is  placed.  In  general,  the 
antiseptic  preservative  should  penetrate  deep  enough  to  prevent 
exposure  of  the  untreated  interior  by  abrasions,  checking,  etc. 

In  spite  of  the  excellent  results  that  have  been  obtained 
both  here  and  abroad  by  the  full  cylinder  treatment,  such  as  was 
used  on  the  Washington-Norfolk  line  referred  to  before^  the 
proportion  of  poles  thus  treated,  as  compared  with  the  total  num- 
ber of  poles  in  use,  has  been  relatively  small.    This  method  has 
been  resorted  to  principally  in  the  South,  where,  on  account  of 
the  climate  and  soil  conditions,  exceptionally  rapid  decay  makes 
a  preservative  treatment  almost  essential.    The  chief  hindrances 
to  a  more  general  adoption  of  this  method  for  treatment  of  poles 
have  been  the  high  cost  of  the  treatment  and  the  expense  of  the 
transportation  of  the  poles  to  a  treating  plant.    Recent  investiga- 
tions have  therefore  been  conducted  mostly  with  cheaper  and 
simpler  methods,  and  with  treatments  which  could  be  applied 
locally  by  the  consumer,  or  at  the  large  cedar  concentrating  pole 
[  yards.     It  should  be  remembered  that  approximately  60  per 
cent  of  the  poles  in  use  are  cedar,  and  about  20  per  cent  chest- 
nut, and  these  woods  lend  themselves  readily  to  the  method  of 
partial  treatment,  which  I  shall  describe. 

BRUSH  TREATMENT 

The  brush  treatment  consists  in  painting  the  pole  with  a 
preservative,  preferably  creosote  oil.  As  it  is  conceded  that  the 
portioii  of  the  pole  most  subject  to  decay  is  just  below  and  just 
above  the  g^otmd  line,  that  is  the  part  selected  for  treatment,  for 
u  that  part  fails  when  the  balance  of  the  pole  is  still  in  a 
good  state  of  preservation,  consequently  the  usefulness  of 
the  pole  depends  upon  the  length  of  time  that  it  can  be  kept 
in  a  state  of  preservation.  The  pole  should,  therefore,  be  painted 
about  2  ft.  below  and  2  ft.  above  the  ground  line,  or  over  that 
section  between  4  and  8  ft.  from  the  butt.  I  would  particularly 
emphasize  the  fact  that  only  seasoned  poles  should  be  treated 
and  that  care  should  be  taken  to  see  that  the  wood  is  thoroughly 
dry  before  the  treatment  is  applied. 

It  is  decidedly  preferable  that  the  preservative  should  be 
lieated  to  a  temperature  of  150  to  175  deg.  fahr.,  and  distinctly 
[letter  results  will  be  obtained  from  two  coats  rather  than  one. 
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Particular  attention  should  be  paid  to  the  filling^  of  all  chcda 
and  knot  holes,  and  to  working  the  preservatives  well  into  the 
wood.  An  average  30-ft.  pole  will  absorb,  by  this  treatmeol, 
about  4  lb.  of  oil,  or  one  half -gallon,  and  if  treated  under  proper 
conditions  a  penetration  ranging  from  one-sixteenth  to  one-eigfath 
of  an  inch  can  be  secured.  The  method  of  brush  treating  has 
an  advantage  that  it  can  be  applied  with  ease  in  any  locality, 
or  along  the  route  of  a  line  in  process  of  construction.  It 
is  also  a  very  economical  method.  In  the  year  191 1  the  Amer- 
ican Telephone  and  Telegraph  Co.  treated  12,000  poles  with  creo- 
sote oil  by  this  method  in  Nebraska,  at  a  cost  of  approximately 
25  cents  per  pole ;  this  cost  included  the  cost  of  the  oil  and  labor. 
Previous  reports  of  experiments  in  brush  treating  estimated 
an  increased  life  of  from  two  to  three  years  as  a  result  of  this 
treatment,  but  access  to  as  yet  unpublished  data,  which  it  has  been 
my  privilege  to  review,  indicates  that  in  actual  service  these  esti- 
mates will  be  substantially  exceeded,  if  not  doubled.  The  depth 
of  penetration  is  comparatively  slight,  but  experience  has  shown 
that  the  protection  afforded  by  the  brush  treatment  is  usually 
destroyed  through  mechanical  impairment,  rather  than  through 
loss  of  the  preservative  by  volatilization  or  leaching,  provided 
always  that  the  material  used  for  treatment  is  one  of  the  oils 
known  to  possess  good  antiseptic  properties. 

OPEN    TANK    TREATMENT 

Treatment  by  this  method  consists  in  placing  the  butt  end 
of  the  pole  in  a  tank  into  which  an  antiseptic  preservative,  pref- 
erably dead  oil  of  coal  tar  or  carbolineum,  is  poured  until  the 
poles  are  covered  for  a  distance  of  about  8  ft.,  or  from  the 
butt  end  to  a  point  equivalent  to  2  ft.  above  the  ground  line. 
The  oil  should  then  be  heated  to  a  temperature  above  the  bofl- 
ing  point  of  water.  The  best  practise  would  seein  to  indicate 
that  this  temperature  should  be  maintained  until  the  air  in  the 
wood  has  been  expanded  and  the  water  in  the  outer  layers  vapor- 
ized and  lx)th  as  far  as  ix)ssible  driven  out.  In  other  words. 
the  high  temperature  should  be  maintained  until  bubbles  cease 
to  appear  on  the  surface  of  the  oil.  The  oil  should  then  be 
permitted  to  cool,  or  else  the  poles  be  transferred  to 
another  tank  containing  cold  oil ;  a  partial  vacuum  is  thus  pro- 
duced   by    the    contraction    of    the    air    and    the    condensation 
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of  the  moisture  remaining  in  the  wood,  the  preservative,  as 
a  result,  being  forced  under  atmospheric  pressure  into  the  wood. 
A  treatment  by  the  method  described  consumes  about  24  hours, 
during  which  the  pole  is  subjected  to  the  hot  oil  from  8  to  9 
hours.  In  1905,  the  American  Telephone  and  Telegraph  Co. 
treated  by  this  method  and  by  the  brush  method  600  chestnut 
poles,  which  were  set  that  same  year  in  their  toll  lines  between 
Warren,  Pa.,  and  Buffalo,  N.  Y.  The  balance  of  the  poles  in 
this  line  were  untreated,  part  green  and  part  seasoned.  The 
treatment  was  made  in  conjunction  with  representatives  of  the 
Government  Forestry  Department,  and  various  preservatives 
were  used.  An  inspection  of  this  line  made  three  years  ago,  five 
years  subsequent  to  its  erection,  again  in  conjunction  with  the 
Forestry  Department  representatives,  developed  the  fact  that  100 
per  cent  of  the  green,  untreated  poles  showed  an  average  loss  of 
circumference  at  the  ground  line  from  decay  of  1.16  inches ;  99  per 
cent  of  the  seasoned,  untreated  poles  showing  an  average  loss  of  i 
inch.  Of  the  brush-treated  poles,  decidedly  the  best  results  were 
obtained  from  those  treated  with  coal  tar  creosote  and  carbolineum. 
Decay  had  commenced  sooner  and  developed  much  more  rapidly 
in  the  poles  brush-treated  with  other  preservatives.  Only  14  per 
Cent  of  the  poles  brush-treated  with  the  coal  tar  creosote  oils 
showed  any  sign  of  decay  and  the  average  loss  in  circumference  of 
those  in  which  decay  had  started  was  from  0.02  to  0.04  of  an  inch. 
You  will  thus  see  that  though  the  untreated  poles  had  decayed  to 
the  extent  of  from  i  inch  to  1.16  inches,  the  poles  which  received 
a  two-coat  brush  treatment  of  coal  tar  creosote  had  been  held  in 
a  perfect  state  of  preservation  for  nearly  five  years  and  had  only 
just  begun  to  show  signs  of  decay  at  the  time  the  inspection  was 
made.  The  inspection  further  disclosed  the  fact  that  every  pole 
which  had  received  the  open-tank  treatment  which  I  have  de- 
scribed was  in  a  perfect  state  of  preservation.  This  would  seem 
to  be  an  ample  demonstration  of  the  efficiency  of  the  open  tank 
treatment.  The  greater  depth  of  penetration  obtained  in  the 
open-tank  treatment  (approximately  two  to  four  times  the 
depth  obtained  in  the  best  and  most  careful  brush  treatment) 
justifies  the  expectation  that  mechanical  impairment  and  damage 
frcwn  checks  will  not  play  so  important  a  part  in  connection 
with  the  initiation  of  decay  as  in  the  case  of  brush-treated  poles. 
It  should  be  thoroughly  understood,  however,  that  the  results 
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from  an  open-tank  treatment,  such  as  I  have  described  and  ism 
which  a  thorough  impregnation  is  secured,  will  unquestiooab^ 
be  much  superior  to  the  results  which  may  be  expected  froi 
a  short-period  dipping  treatment,  which  has  been,  and  is  stl, 
frequently  advertised  as  an  "open-tank  treatment."  If  not  prop- 
erly performed,  the  open-tank  treatment  will  not  give  a  pat 
tration  appreciably  different  from  that  obtained  in  a  two-out 
brush  treatment  and  it  may  safely  be  considered  that  a  short- 
period  dipping  treatment  can  be  ranked  only  as  about  equivakit 
to  brush  treatments,  rather  than  as  in  any  way  comparable  wiA 
what  I  should  call  the  true  open-tank  treatment  and  which  was 
originally  developed  in  the  co-operative  work  undertaken  by  the 
Engineering  Department  of  the  American  Telephone  and  Td^ 
graph  Co.,  and  the  Forest  Service  of  the  United  States  Govern- 
ment. 

Tests  have  shown  that  an  average  30-ft.  Northern  cedar 
pole  will  absorb  when  treated  by  this  method,  about  48  lb.  of 
creosote  oil,  or  about  6  gallons.  The  Western  or  Idaho  cedar 
poles  will  absorb  on  the  average  about  a  gallon  less  and  chestnut 
about  half  as  much  as  the  Northern  cedar.  On  this  basis  the 
Northern  cedar  is  the  most  expensive  to  treat  of  the  more  largdj 
used  woods,  but  as  it  absorbs  more  oil  with  a  consequent  greater 
penetration,  the  results  should  justify  the  somewhat  higher  cost 
For  the  sake  of  comparison  we  may  say  that  a  30-ft.  chestntit 
pole  can  be  treated  for  75  cents,  whereas,  on  account  of  the  greater 
quantity  of  oil  consumed,  it  will  cost  approximately  $1.00  to  treat 
a  cedar  pole  of  the  same  size. 

Some  experiments  have  been  made  in  the  treatment  of  West- 
em  yellow  pine  in  California.  This  wood  will  absorb  20  per  cent 
more  oil  than  Northern  cedar. 

DISCUSSION 

Mr.  James  F.  Cole,  Altoona,  Pa.:  Mr.  Chairman,  I  would 
like  to  ask  if  the  prices  mentioned  in  the  next  to  the  last  para- 
graph relate  to  the  treating  of  the  entire  pole  or  just  to  the  butt? 

Mr.  Griffin  :  The  prices  noted  in  the  paragraph  to  which 
you  refer  represent  the  average  cost  of  treatment  of  about  eight 
feet  of  tlie  butt  end  by  the  open  tank  method. 

Mr.  C.  S.  Vas  Dyke,  Schenectady:  Will  the  gentleman  give 
his  opinion  as  to  what  oils  or  carbolineum  we  should  use?    Ycm 


^Cgatn  get  dead  oil  of  coal  tar,  creosote,  for  20  cents  a  gallon,  of 
"^tttiereabout.  You  go  to  the  imported  carbolineum  oils,  and  they 
"".run  from  50  to  75  cents  a  gallon.  Is  there  a  real  difference  in  the 
^  Value  of  them  in  the  results  that  you  will  get  from  them  to  corre- 
'^spond  with  the  difference  in  price?  One  is  the  domestic  article, 
-- 1-  understand,  and  the  other  is  imported. 

Mr.  Griffin  :  Yes,  the  carbolineums  are  imported  oils.  Un- 
'  questionably  good  results  have  been  obtained  from  their  use — a 
¥  carbolineum  oil  which  will  pass  the  specifications  embodied  in 
»  your  Preservative  Committee's  report  of  two  years  ago  will  give 
'^  good  results.  What  I  wish  to  make  clear,  however,  is  the  fact 
■'  that  creosote  oil  is  preferable  to  all  other  preservatives  and  it 
'  is  safe  to  use  any  creosote  oil  which  will  pass  the  standard  speci- 
~   fications. 

Mr.  Van  Dyke:  One  more  question  on  the  brush  treat- 
ment of  poles.  Is  it  necessary  to  treat  the  whole  butt  of  the 
pole,  or  is  it  worth  while? 

Mr.  Griffin  :  I  spoke  of  that  in  my  paper.  In  the  brush 
treatment  of  a  pole  treat  only  about  two  feet  above  and  two  feet 
below  the  ground  line.  As  a  matter  of  fact,  I  doubt  if  treatment 
is  needed  for  the  full  two  feet  above  the  ground  line,  but  it  is  a 
safe  practice.  An  average  30  foot  pole  will  absorb  when  painted 
two  coats  with  a  brush,  about  one-half  gallon  of  oil  or  four 
pounds.  It  would  not  be  necessary  to  treat  as  much  of  the  butt 
as  we  do  but  for  the  fact  that  in  the  open  tank  treatment  no 
method  has  been  devised  for  successfully  treating  merely  tha: 
portion  just  above  and  just  below  the  ground  line. 

Mr.  Ballsley,  Chicago :  I  would  like  to  ask  if  it  is  advisable 
to  go  to  the  expense  of  shaving  the  butt  of  the  pole  ? 

Mr.  Griffin:  No,  I  should  not  say  so.  It  is,  however, 
necessary  in  any  treatment  of  timber  to  see  that  the  inner  bark 
is  taken  off,  because  the  oil  will  not  penetrate  bark;  but  actual 
shaving  is  not  necessary. 

Mr.  Cole:  I  would  like  to  go  on  record  as  endors- 
ing what  Mr.  Griffin  has  said  in  regard  to  the  apparent 
value  of  the  cheap  creosote  oil,  or  what  is  known  as  "dead 
oil,"  a  by-product  of  the  manufacture  of  coal  gas,  as  a  pre- 
servative for  poles  and  cross  arms.  We  have  been  using  it  about 
two  years  for  this  purpose;  up  to  that  time  we  had  been  using 
the  more  expensive  material  known  as  "avenarius  carbolineum." 
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It  was  with  some  hesitation  that  we  changed  to  the  cheajier 
material,  hnt  the  cHfTerence  in  cost  was  so  great,  that  we  fina:!;. 
(Icciclefl  to  do  so.  This  we  did  without  any  chemical  analysk 
and  are  pleased  to  learn  that  our  snap  judgment  has  been  corrc*- 
borated  by  an  expert  analysis  and  a  test  of  time. 

Mr.  W.  K.  Vanderpoel,  Newark,  N.  J. :  I  want  to  say  as 
ex-chairman  of  your  Preservation  Committee,  that  Mr.  Griffins 
paper,  although  very  brief,  contains  some  very  valuable  recom- 
mendations, and  it  has,  I  believe,  the  endorsement  of  all  the 
ex-members  of  your  ex-committee. 

The  Chairman  :  If  there  be  no  further  discussion,  we 
will  pass  on  to  the  next  number.  Survey  of  Conditions  of  Pro- 
tection, by  Mr.  E.  E.  F.  Creighton,  of  Schenectady. 


SURVEY  OF  CONDITIONS  OF  PROTECTION 

In  the  following,  a  brief  review  will  be  given  of  a  few  of  the 
much  used  protective  devices,  with  brief  statements  regarding 
their  operation,  their  application,  and  the  latest  developments. 
One  naturally  begins,  in  a  review  of  this  kind,  with  the  older 
types  of  arresters.  The  multi-gap  arrester  has  not  been  entirely 
superseded  by  the  aluminum  arrester.  The  multi-gap  arrester 
still  holds  a  predominant  position  in  distribution  work  at  or  about 
2300  volts.  This  is  due  to  two  conditions :  first,  the  lesser  cost 
of  the  multi-gap  arrester ;  and  second,  the  possibility  of  making 
an  arrester  of  this  type  which  is  not  sufficiently  sensitive  to 
operate  when  arcing  grounds  take  place,  but  is  still  sensitive 
enough  to  protect  transformers.  This  favorable  condition  comes 
from  the  fact  that  the  factor  of  safety  in  a  lighting  transformer  is 
over  five,  whereas  on  the  high  potential  transformers  it  is  usually 
less  than  three. 

No  material  technical  improvements  have  been  made  in  the 
multi-gap  arrester  during  the  past  few  years.  A  high  resistance 
path  shunting  out  most  of  the  gaps,  acting  in  the  capacity  of  a 
teazer  circuit  to  bring  the  spark  part  way  down  the  line  of  gaps, 
is  still  used.  The  improvement  in  protection  of  lighting  trans- 
formers comes  from  recognition  of  the  necessity  of  placing  a 
lightning  arrester  at  each  transformer  in  order  to  get  a  high  de- 
gree of  protection.  A  perfect  arrester  situated  a  few  poles  distant 
from  a  transformer  will  give  comparatively  little  protection  to 
the  transformer  because  the  potentials  from  lightning  are  usually 
very  concentrated  and  localized.  With  the  requirements  of  a 
lightning  arrester  at  each  transformer,  there  naturally  arises  the 
necessity  of  an  installation  of  arresters  at  less  cost  than  is  given 
by  the  standard  multi-gap  arrester  in  a  wooden  box.  At  the 
,  same  time  it  is  desirable  to  make  the  arrester  equally  efficient  in 
protection,  and  stable  against  self-destruction.  Naturally,  all  these 
factors  cannot  be  obtained  in  their  fullest.  This  endeavor  to 
lessen  the  cost  has  led  to  the  development  of  a  self-housed,  self- 
contained  arrester  known  in  the  trade  as  a  compression  chamber 
lightning  arrester.  In  this  arrester  the  high  resistance  shunt  has 
been  discarded  and  more  gaps  have  been  put  in  series  than  were 
formerly  used  with  the  standard  multi-gap  arresters.  This  greater 
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number  of  gaps  gives  better  arc  extinguishing-  qualities  to  4c 
arrester.  If  it  were  not  for  the  addition  of  an  antennae  anxai 
the  greater  number  of  gaps,  the  spark  potential  would  be 
increased.  The  employment  of  the  antennae,  however,  pcnnib 
the  use  of  double  the  number  of  gaps  without  any  increase  in  tk 
spark  potential.  This  statement  applies  to  a  frequency  of  60  cyda 
The  arrester  is  actually  more  sensitive  to  discharges  at  high  fre- 
quency than  at  60  cycles. 

ALUMINUM  LIGHTNING  ARRESTERS. 

All  the  technical  conditions  of  design  of  aluminum  arrestoi 
have  warranted  the  use  of  charging  resistances  and  spring  dips 
for  the  horn  gaps  on  all  arresters,  just  as  they,  have  been  used 00 
arresters  designed  for  cable  circuits.  Keeping  down  costs  his 
lead  to  a  compromise  which  eliminated  the  use  of  charging  resist- 
ances in  most  of  the  installations  of  aluminum  lightning  arrestcn 
during  the  past  few  years.  A  careful  study  of  the  conditioos 
has  revealed  the  fact  that  the  charging  resistance  is  a  good  invest- 
ment. Aluminum  arresters  which  have  had  their  films  dissolvd 
due  to  one  of  several  conditions,  have  failed,  not  during  light- 
ning storms,  but  during  the  re-formation  of  the  films.  The  quafr 
ties  which  make  the  aluminum  arrester  a  good  discharger  for 
lightning,  make  it  also  take  a  heavy  current  if  the  films  arc  not 
in  good  condition.  Although  the  number  of  troubles  with  alu- 
minum lightning  arresters  is  proportionately  small,  practically  all 
these  troubles  have  taken  place  during  the  charging.  Since  the 
aluminum  cell  is  a  condenser,  it  is  possible  to  place  in  series  wiA 
it  a  resistance  of  considerable  value,  and  still  not  prevent  the 
arrester  from  taking  its  full  charging  potential.  This  solves  to 
problem  of  limiting  the  charging  current  to  a  reasonably  small 
value,  even  although  the  films  are  badly  dissolved ;  and  of  safe- 
guarding the  arrester  against  the  destructive  effects  of  hcafj 
dynamic  current.  Even  for  an  expert  there  is  no  outward  appel^ 
ance  of  the  arrester  by  which  he  can  tell  the  condition  of  the  fihns 
before  the  circuit  is  closed.  If  charging  resistances  are  used  the 
operator  can  feel  perfect  security  in  closing  the  circuit,  in  that 
tlic  resistances  will  carry  the  whole  current  of  the  arrester  circuit 
fnr  a  brief  time  without  damage  to  themselves.  Furthermore. 
in  terms  (^f  a  popular  expression,  the  arrester  is  thus  made  more 
nearly  "fool-proof." 
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The  Spring  Clips  at  the  Horn  Gaps 

Where  the  films  are  out  of  condition,  and  the  arrester  takes 

initially  a  heavy  current  rush,  the  arc  at  the  horns  becomes 

imclesirable.    Any  kind  of  an  arc  in  a  current  tends  to  set  up 

"Oscillations.    For  this  reason,  spring  clips  are  used  at  the  horn 

^gaps^  which  cut  out  the  arc  during  charging  of  the  aluminum 

'arresters.     With  metallic  contract  across  the  horns,  the  wave 

shape  of  the  current  in  the  arrester  circuit  is  similar  to  the  wave 

diape  of  current  in  any  short  length  of  idle  transnnssion  circuit. 

An  illustration  of  this  current  is  given  in  Fig.  i,  page  i6o.    By 

"the  use  of  these  clips,  and  a  suitable  charging  resistance,  distur- 

'  bances  in  parallel  telephone  wires  can  be  reduced  to  a  very 

■  small  fraction  of  the  disturbances  that  are  set  up  without  their 

•"  use. 

.  Wear  on  the  Plate  and  Electrolyte 

Due  to  the  natural  operation  of  the  lightning  arrester  there 
r  is  no  appreciable  wear  of  the  aluminum  plates  or  electrolyte  even 
i  after  several  years  of  operation.  Up  to  January,  1912,  an  electro- 
i  lyte  was  used  in  which  a  fungus  grew.  As  a  result  of  this  fungus 
t  growth,  vinegar  was  formed  in  the  electrolyte  which  decreased  its 
'  value  in  that  it  hastened  the  dissolution  of  the  fibn  on  the  alumi- 
num plate.  Since  January,  1912,  electrolyte  has  been  in  use  which 
,  is  fungus  proof.  This  electrolyte  has  been  under  observation  for 
r;  tiiree  years,  and  from  all  indications  is  serviceable  for  a  great 
p  many  years  more.  With  this  means  of  preventing  the  only  appre- 
r  ciable  deterioration  in  the  alumintmi  arrester,  it  seems  desirable 
,  not  to  dismantle  arresters  at  intervals,  as  has  formerly  been 
K  recommended.  In  dismantling  an  arrester  there  is  the  possibility 
of  wetting  the  supporting  sticks^  and  thus  introducing  a  spot  of 
\  weak  insulation  in  the  stack  of  cones.  A  sufficiently  satisfactory 
>  and  more  economical  means  of  investigating  the  condition  of  an 
['arrester  is  fotmd  in  the  use  of  an  ammeter  to  measure  the  charg- 
l  ing  current.  So  long  as  this  charging  current  does  not  exceed 
one  half-ampere  at  60  cycles,  and  one-quarter  ampere  at  25 
qrcles,  one  may  rest  assured  that  the  aluminum  films  are  in  good 
\  condition.  A  convenient  method  of  applying  this  ammeter  to  the 
i  arrester  tanks  has  been  devised.  This  consists  of  using  an  amme- 
]  tcr  mounted  on  a  wooden  stick,  the  end  of  which  carries  two  clips 
that  slide  into  a  jack. 
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in  tilt  current,  as  it  is  typical  of  the  formation  of  an  < 
film. 

l''ig.  4.  This  33,000-volt  arrester  had  been  allowed  to  stand 
disconnected  from  the  circuit  in  a  warm  room  for  six  weekf 
without  charging.  The  charging  resistance  limits  the  maximua 
current  to  about  10  amperes  effective;  otherwise,  the  arrester 
would  have  l)een  damaged  in  charging.  The  maximum  value  oi 
current  gradually  decreases  from  15  amperes  to  5  amperes  in 
21  cycles  as  the  film  is  being  formed.  This  shifts  the  potential 
automatically  from  the  charging  resistance  to  the  aluminum  cells. 
The  growth  of  the  potential  across  the  cells  is  shown  in  the  npfier 
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17,500  volts,  which  is  nearly  the  full  Y  potential.  This  arrester 
was  subsequently  charged  for  15  seconds  and  was  then  found  to 
be  in  good  condition. 

Fig.  5.  The  lower  record  shows  the  applied  potential  of  558 
volts  maxiiiiun) :  the  middle  record  shows  a  current  of  about  426 
amperes  maxinniin :  the  upper  record  shows  the  potential  across 
a  fuse  which  finally  blows.  The  potential  across  the  open  fuse 
then  rises  to  690  volts  maximum.  It  required  23  cycles  at  426 
amperes  to  cause  an  arc  to  form  in  the  electrolyte  between  the 
aluminum  surfaces.  When  the  arc  fomied,  the  action  of  the  film 
was  shunted  and  the  current  therefore  rose  to  1000  amperes. 
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to  have  some  material  in  the  neighborhood  of  the  pipe  which  wil 
naturally  attract  moisture  from  the  surrounding  r^on.  This 
feature  of  absorbing  and  holding  moisture,  technically  known  as 
"deliquescence,"  is  a  property  of  many  of  the  salts.  Ordinary  table 
salt,  sodium  chloride,  has  this  property  to  a  considerable  degnt 
and  is  a  good  conductor  of  electricity.  Calcium  chloride  is  one 
of  the  most  used  materials  for  absorbing  moisture,  espedally 
from  gases.  It  has  a  much  higher  attraction  for  moisture  than 
ordinary  table  salt,  although  its  cost  is  somewhat  higher.  There 
are  no  fancy,  expensive  kinds  of  earth  connections  ivhich  are  any 
better  than  an  ordinary  iron  pipe  combined  with  imprisoned 
moisture  held  bv  natural  salts.  Where  an  earth  connection  is 
intended  to  carry  heavy  dynamic  current,  as,  for  example,  at  the 
neutral  of  a  grounded  generator,  the  nature  of  the  problem  is 
not  changed.  It  is  simply  necessary  to  add  sufficient  area  to  cam 
the  maximum  dynamic  current  without  reaching  the  density  of 
current  which  will  dry  out  the  earth  around  the  pipe.  In  such 
a  casie  it  is  usually  desirable  to  feed  in  salt  water  from  time  to 
time  in  order  to  keep  such  earth  pipes  thoroughly  soaked.  The 
use  of  several  earth  pipes  at  a  distance  of  six  feet  or  more  apart, 
to  reduce  the  earth  resistance,  is  now  a  well-known  practise. 
The  chemical  action  of  the  salts  in  wearing  out  iron  pipes  is  som^ 
times  mentioned  as  an  argument  against  the  use  of  salt.  In  a 
number  of  test  samples  it  was  found  that  the  corroding"  action  of 
the  salt  on  the  pii>c  was  of  negligible  value  even  after  a  luimber 
of  years  of  use.  Even  under  the  worst  condition  of  corrosion, 
it  is  better  to  permit  it  and  have  a  good  earth  connection  than 
to  preserve  the  metal  against  corrosion  by  keeping  it  dry  and 
having,  contiTiiioiisly.  a  very  poor  earth  connection. 

OVKRIIEAD   GROUND    WIRES    AS    AN    UNSOLVED    PROBLEM 

Little  by  litllc  the  last  few  problems  in  the  protection  of 
ap])aratus  arc  bciiic^  solved.  This  work  is  being  done  by  the 
maiuifacturcrs  of  electrical  apparatus.  The  prospects  are  bright 
for  reaching,  in  the  near  future,  the  condition  of  insulation  and 
protection  in  transformers  and  generators  such  that  nothing*  but 
iiej.,dij;ence  will  cause  damage  to  the  apparatus.  All  conditions 
nf  ]>rotection  are  at  present  so  iiuicli  better  in  stations  than  they 
are  on  the  lines  thai  interruptions  are  almost  invariably  due  to 
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5  damage  to  some  point  on  the  transmission  line.  It  has  been 
'c.  patent  for  a  number  years  that  the  protection  of  lines  is  not  being 
sufficiently  studied  to  produce  a  suitable  engineering  advance- 
ment. No  single  company  has  been  willing  to  expend  the  money 
to  obtain  the  apparatus  and  the  rarely  developed  talent  for  the 
investigation  of  lightning  phenomena  on  transmission  lines.  As 
a  matter  of  fact  there  have  been  no  devices  made  as  yet  which 
will  give  accurate  information  regarding  the  localization  and 
distribution  of  lightning  potentials  along  a  line.  There  was 
required  for  this  primarily  a  recorder  which  would  simultaneously 
and  quickly  record  the  discharge  of  electricity  at  or  near  many 
insulators.  One  part  of  the  outfit  necessary  to  study  the  efficiency 
of  overhead  ground  wires  is  now  to  be  found  in  the  device  called 
the  "multi-recorder/'  which  is  on  exhibition  and  in  operation  at 
this  meeting.  There  are  still  lacking  the  necessary  interest  and 
co-operation  among  transmission  systems  to  organize  a  scientific 
attack  on  this  problem.  The  recently  developed  possibility  of 
making  accurate  studies  of  the  value^of  overhead  ground  wires 
is  earnestly  brought  to  the  attention  of  the  members  of  the  Asso- 
ciation. Many  thousands  of  dollars  are  being  invested  every 
year  in  overhead  ground  wires.  There  is  little  doubt  that  where 
they  have  been  installed  they  have  been  of  sufficient  value  to 
warrant  their  cost.  There  are,  however,  many  places  where  the 
conditions  of  installation  do  not  warrant  the  use  of  the  overhead 
ground  wire.  For  example,  in  the  case  of  2300-volt  lines  on 
wooden  cross-arms  situated  inside  the  limits  of  a  city.  At  the 
other  extreme,  there  are  probably  many  places  where  the  use  of 
several  overhead  ground  wires  would  be  fully  justified.  Expendi- 
tures for  constructions  are  made  somewhat  blindly,  and  no  attempt 
is  being  made  at  the  present  time  to  get  a  technically  correct 
solution  of  this  problem. 

It  is  evident  that  at  present  transmission  lines  are  inade- 
quately protected  against  lightning.  As  the  demands  for  contin- 
uous service  become  more  and  more  exacting  this  difficult  problem 
will  recurrently  bring  up  factors  for  consideration.  Will  the 
present  construction  of  poles  and  towers  lend  itself  economically 
to  the  use  of  additional  protective  devices  as  yet  of  an  unknown 
nature?  What  is  the  most  favorable  division  of  investment  in 
steam  auxiliaries  and   extra  line  construction?     In   how  many 
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ways  does  lightning  attack  a  line?    Is  there  any  possibility  of 
insulating  or  protecting  a  line  against  lightning? 

These  are  some  of  the  prohlems  to-day  demanding*  solution. 

The  Chairman:  We  will  now  hear  the  Report  of  the  Com- 
mittee on  Operation  of  Water-Power  Systems,  by  Mr.  D.  B. 
Rushmore,  of  Schenectady. 


REPORT   OF   THE    COMMITTEE    ON    OPERA- 
TION OF  WATER-POWER  SYSTEMS 

The  problems  of  operation  of  hydro-electric  systems  natu- 
rally divide  themselves  into,  first,  those  of  normal  operation; 
second,  those  of  emergency  conditions. 

The  method  of  operation  of  a  hydro-electric  system  and  the 
lay-out  of  the  system  for  such  method  as  may  be  determined 
upon,  depends  upon  many  factors,  some  of  which  are — the  rela- 
tive importance  of  the  different  stations,  the  number  of  power 
houses  on  the  system  and  the  relation  of  each  to  the  whole  sys- 
tem, the  location  and  character  of  the  load,  the  number,  capacr- 
ity  and  location  of  the  steam  reserve  stations,  and,  in  general, 
whether  the  high-tension  line  is  a  purely  transmission  line,  a  high- 
tension  distributing  circuit,  or  both. 

Naturally,  the  object  of  operation  is  to  deliver  electric  power 
with  the  maximum  degree  of  reliability  as  is  warranted  by  the 
price  paid  for  power,  by  the  competitive  situation,  and  by  the 
permissible  investment  in  reserves  and  duplication. 

It  has  become  somewhat  hackneyed  to  say  in  discussing 
engineering  matters  that  every  case  is  special.  In  hydro-electric 
systems,  while  this  is  also  true,  certain  broad  principles  of 
operation  are,  however,  generally  decided  upon  when  designing 
the  system. 

The  normal  conditions  of  operation  are  determined  largely 
by  the  capacities  of  the  different  generating  stations,  by  the  water 
conditions  and  by  the  characteristics  of  the  load  curves  which 
must  be  met.  Practically  no  hydro-electric  development  with 
the  capacity  of  installed  apparatus  above  the  rating  at  minimum 
stream  flow  is  attempted  without  a  steam  station  on  the  same 
system.  This  steam  station  may  serve  any  one  or  all  of  three 
purposes ;  first,  as  an  auxiliary  station  to  be  used  at  periods  of 
low  water;  second,  as  a  reserve  in  case  of  interruptions;  and 
third,  as  a  regulating  station  to  take  care  of  the  variations  in  the 
load  with  the  hydro-electric  plant  running  at  constant  output. 

The  normal  problems  of  operation,  such  as  starting  up  the 
system,  paralleling  the  generators  and  the  power  stations  and 
properly  dividing  the  load  among  them,  of  putting  units  into 
service  previous  to  the  demands  of  the  load  conditions,  of  regulat- 
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ing  the  voltage  for  the  proper  distributing  points,  of  connecting 
the  high-tension  lines,  and,  in  general,  of  so  manipulating  the 
generating,  transforming  and  switching  apparatus  as  to  deliver 
the  desired  load  at  the  distributing  centers,  with  the  desired  char- 
acteristics: these  problems  are  met  only  after  a  careful  study 
of  what  is  wanted,  by  so  laying  out  the  power  station  system 
of  connections,  the  apparatus  and  the  transmission  lines  so  as 
to  accomplish  the  desired  object. 

The  object  being  to  give  reliable  service,  consideration  must 
also  be  given  to  the  cause  of  disturbances  and  the  means  for 
minimizing  their  effects.  These  are  abnormal  or  so-called  emer- 
gency conditions,  and  in  treating  of  them,  the  failure  of  every 
piece  of  apparatus  and  part  of  the  system  must  be  considered 
as  a  possibility,  and  a  definite  plan  worked  out  for  limiting  the 
magnitude  and  area  of  such  disturbances. 

By  far  the  larger  majority  of  high- voltage  systems  are  really 
distributing  rather  than  transmission  systems,  so  that  one  of 
the  principles  involved  is  to  localize  the  disturbance  and  quickly 
isolate  it.  In  fact,  it  might  be  stated  as  a  general  principle  that 
the  object  to  be  attained  in  the  design  and  operation  of  a  power- 
transmission  system,  with  a  view  of  furnishing  reliable  service, 
is  to  so  arrange  and  subdivide  the  system  that  a  disturbance  in 
one  part  will  not  affect  the  whole,  and  that  such  disturbance  will 
be  immediately  localized  within  the  least  possible  limits  in  such 
manner  and  time  as  not  to  cause  an  interruption  in  the  opera- 
tion of  the  entire  system,  and  also  to  remove  the  cause  of  such 
disturbance  and  within  the  shortest  possible  period  of  time  to 
replace  the  disturbed  apparatus  in  operation  on  the  system  again. 

Naturally,  the  design  of  a  hydro-electric  system  begins  with 
the  consideration  of  the  proper  number  of  generators,  trans- 
formers and  outgoing  lines,  and  when  deciding  on  these  the 
methods  of  operation  of  the  system  as  a  whole  must  be  kept  in 
mind.  With  units  of  large  capacity  and  with  several  power  sta- 
tions tied  into  the  same  system,  unusual  precautions  must  be 
taken  to  prevent  the  concentration  at  points  of  trouble  of  too 
great  amounts  of  energy,  and  thus  the  use  of  artificial  and  inher- 
ent power  limiting  reactances  becomes  an  important  factor. 

The  complicated  high-tension  networks  to  be  met  with  in 
many  places  make  difficult  the  manual  operation  of  the  system 
in  times  of  disturbance,  and   necessitate  that  automatic  high- 
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tension  switches  be  considered  for  isolating  line  disturbances. 
This  involves  considerations  of  doing  high-tension  switching, 
which  has  been  proven  in  some  cases  to  be  a  source  of  danger  to 
the  transformers.    > 

Thus,  with  the  problem  of  number  of  units,  subdivision  of 
system,  characteristics  of  apparatus,  etc.,  the  question  of  auto- 
matic protection  by  means  of  proper  application  of  switches 
and  relays  is  very  seriously  involved. 

In  the  operation  of  hydro-electric  systems  it  is  naturally 
the  apparatus  which  is  most  important,  and  a  short  discussion 
of  the  salient  features  of  interest  in  connection  with  each  class 

of  apparatus  concerned  will  therefore  first  be  given. 

* 

WATER-WHEELS 

In  recent  years  a  rapid  evolution  has  taken  place  in  the 
design  of  water-wheels,  the  most  marked  being  the  increased  ap- 
plication of  single-runner,  vertical  shaft  turbines  to  low  heads, 
where  previously  multi-runner  turbines  of  either  the  horizontal  or 
vertical  type  were  used.  This  has  been  made  possible  by  the 
progress  in  the  design  and  development  of  high  capacity  runners, 
so  that  for  a  fixed  head  and  capacity  it  is  now  possible  to  oper- 
ate modern  runners  at  much  higher  rotational  speed  than  was 
possible  with  runners  of  older  designs.  This  increase  in  the 
power  of  runners  has  furthermore  been  obtained  without  any 
sacrifice  in  the  maximum  efficiency  of  the  wheel  and  with  only  a 
slight  sacrifice  at  partial  loads. 

In  low-head  installations  where  it  would  be  practicable  to 
install  water-wheel  units  of  either  type,  the  single-runner  turbine 
has  a  number  of  advantages  over  the  multiple-runner.  For  ex- 
ample, only  one  gate  operating  mechanism  is  required  and  this 
is  located  above  the  head  cover  of  the  turbine  and  is  thus  acces- 
sible at  all  times  for  inspection,  while  repairs  can  readily  be 
made  to  this  mechanism  without  dismantling  the  wheel.  A  better 
design  of  the  draft  tube  is  made  possible  with  a  single-runner 
unit,  and  it  is  possible  to  mold  in  the  concrete  a  spiral  turbine 
casing  similar  in  design  to  the  cast-iron  spiral  casings  used  in 
connection  with  high-head  turbines,  which,  of  course,  would  be 
impractical  with  more  than  one  runner. 

In  the  case  of  a  vertical  turbine  having  more  than  one  run- 
ner, the  depth  and  consequently  the  cost  of  the  substructure 
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of  the  power  house  is  necessarily  much  greater  than  in  case  of 
a  vertical  single-runner  turbine,  and  the  cost  of  erection  and 
dismantling  for  repairs  is  considerably  less  in  the  case  of  the  ver- 
tical single-runner  wheel. 

Very  exhaustive  and  accurate  efficiency  tests  of  two  6ooo-hp. 
vertical  single-runner  turbines,  having  concrete  spiral  casings 
and  ideal  draft  tubes  were  recently  made,  and  showed  an  aver- 
age maximum  efficiency  of  93.7  per  cent.  With  the  excellent  re- 
sults so  far  obtained  by  this  type  of  wheel,  it  is  safe  to  predict 
that  it  will  be  used  almost  exclusively  for  low-head  developments. 

In  deciding  upon  the  number  and  capacity  of  the  units  is 
a  station,  the  combination  of  the  water-wheel  and  the  g^enerator 
must  necessarily  be  considered  together.     Besides  hydraulic  con- 
ditions and  the  limitations  of  the  water-wheel  design,  it  is  gov- 
erned by  the  load-factor,  the  nature  of  the  load,  the  reserve  capac- 
ity, the  reliability  and  flexibility  of  the  service,  etc.     The  units 
should  be  operated  as  near  full  load  as  possible,  and  new  units 
should  preferably  he  started  as  the  load   increases   instead  oi 
utilizing  overload  capacities.    Where  sudden  overloads  of  con- 
siderable magnitude  come  on  the  system  for  short  periods  it  is, 
of  course,  necessary  to  have  wheel  capacity  sufficient  to  care  for 
them.     Single  units  are  never  desirable  except  for  multiple-plant 
systems,  in  which  case  the  necessary  reserve  can  be  obtained  from 
other  stations.     For  single-plant  systems  the  number  of  units 
should  preferably  not  be  less  than  four,  but  above  this  the  num- 
ber should  be  governed  by  the  limit  in  design,  considered  both 
from  a  technical  and  an  economical  point  of  view.     With  a  small 
number  of  large  units  the  first  cost,  the  maintenance  charge  and 
the  necessary  floor  space  are  reduced,  and  the  efficiency  is  also 
usually  better  than  for  a  larger  number  of  smaller  units. 

GENERATORS 

The  generators  should  have  a  rating  corresponding  to  the 
point  of  maximum  efficiency  of  the  water-wheel,  as  the  efficiency 
of  the  latter,  especially  for  low  heads,  falls  rapidly  above  and 
below  this  point.  It  is  therefore  desirable  to  operate  the  wheels 
near  their  maximum  output,  leaving  only  a  small  margin  for 
regulating  purposes,  and  the  generator  should  then  preferably 
be  given  a  maximum  or  constant  continuous  rating  correspond- 
ing to  the  water-wheel. 


The  A.  I.  E.  E.  Sub-Committee  on  Rating  of  Electrical 
Machinery  has  also  recently  recommended  that  generators  should 
be  rated  upon  a  basis  of  ultimate  temperature  without  other  limits 
of  capacity  being  exceeded,  and  furthermore  that  no  overloads  be 
specified  except  momentary  overloads.  These  should  not  be  less 
than  150  per  cent  of  the  rated  current,  should  be  without  regard  to 
the  rated  voltage,  and  should  not  exceed  60  seconds. 

A  maximum  ultimate  temperature  of  90  deg.  cent,  is  recom- 
mended for  machines  having  the  coils  insulated  with  cotton, 
treated  cloth,  paper,  and  similar  substances  which  may  fall  in 
this  general  classification.  It  is  also  recommended  that  the  room 
temperature  on  which  tests  are  to  be  based  should  remain  25 
deg.  cent.,  this  having  been  found  to  be  the  average  tempera- 
ture of  the  cooling  medium  in  which  generators  are  operated  in 
practice.  It  is,  however,  found  that  the  cooling  medium  may 
vary  widely  in  temperature,  and  may,  in  poorly  ventilated  places, 
and  in  locations  influenced  by  other  conditions,  run  as  high 
as  40  deg.  cent.,  even  though  the  outdoor  temperature  be  lower. 
For  this  reason  it  is  recommended  that  40  deg.  cent,  be  recog- 
nized as  the  upper  normal  limit  of  the  cooling  medium  and  that 
temperatures  higher  than  40  deg.  cent,  should  be  accepted  as 
abnormal  conditions  and  require  special  consideration. 

With  the  above  stipulation  it  is,  therefore,  recommended 
that  a  constant  continuous  rating  of  alternating-current  gener- 
ators should  be  based  on  a  temperature  rise  not  exceeding  50 
deg.  cent,  the  room  temperature  being  taken  as  25  deg.  cent. 
This  will  then  leave  a  15  deg.  cent,  margin  for  variation  in  the 
temperature  of  the  cooling  medium  before  the  ultimate  tempera- 
ture, which  would  be  injurious  to  the  insulation,  is  reached. 

With  large  generating  units  the  question  of  ventilation  be- 
comes of  great  importance  and  is  now  given  very  careful  con- 
sideration both  in  connection  with  the  design  and  the  location  of 
the  machines.  Instead  of  allowing  the  paths  of  the  air  to  be 
determined  by  chance,  the  air  is,  wherever  possible,  drawn  from 
over  the  water  in  the  tail-race  and,  in  some  cases,  passed  through 
cloth  filters.  The  air  is  drawn  up  into  the  generators,  either  by 
forced  ventilation  or  by  natural  ventilation  created  by  the  gen- 
erator itself.  By  designing  the  generator  so  as  to  properly 
direct  the  paths  of  flow  of  the  air,  a  very  marked  improvement  is 
made  in  large  generators,  and  by  taking  this  air  from  the  cool 
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space  over  the  tail-race  it  has,  in  some  cases,  been  possible  to 
reduce  the  temperature  of  the  machines  up  to  20  dcg*.  cent 

In  the  line  of  operating  the  generators  within  safe  limits 
it  has  now  also  become  good  practise  to  place  a  temperature  cdl 
in  the  hottest  part  of  the  armature  from  which  leads  are  taken 
to  an  indicating  device  on  the  switchboard,  so  that  the  operator 
can  tell  at  any  moment  the  maximum  temperature  to  whidi 
the  armature  winding  is  being  subjected. 

In  comparing  the  guaranteed  efficiencies  of  several  makes  of 
generators,  care  should  be  taken  that  they  are  based  on  the  same 
assumptions.  The  efficiency  of  the  generator  is  the  ratio  of  the 
output  to  the  input  and  should  always  refer  to  the  energy 
rating  at  the  true  operating  power-factor.  In  certain  instances 
the  efficiencies  are  based  on  the  apparent  kilovolt-ampere  rating, 
but  the  inconsistency  of  such  a  method,  which  would  give  higher 
results,  is  apparent. 

While  naturally  both  60  and  25-cycle  generators  are  being 
installed  as  conditions  determine,  the  increase  in  the  size  of  the 
individual  units  has  made  it  desirable  to  design  a  large  number 
of  these  for  11,000  and  13,000  volts.  Very  satisfactory  results 
are  being  obtained  by  grading  the  insulation,  and  the  slight  corona 
effects  noticeable  on  some  coils  at  high  altitudes  is  now  readily 
taken  care  of  by  proper  design  of  the  insulation. 

A  general  agreement  has  been  reached  to  consider  the 
maximum  nmaway  speeds  of  water-wheel  driven  units  at  100 
per  cent  increase,  in  order  to  have  a  standard  applicable  to  the 
majority  of  cases. 

Brakes  are  being  installed  in  a  number  of  cases  in  connec- 
tion with  vertical  units,  but  so  far  as  is  known  they  have  not 
been  used  in  connection  with  horizontal  units  and  their  use  can 
hardly  be  considered  standardized. 

Considerations  of  safety  for  the  apparatus  have  led  to  the 
development  of  generators  with  a  comparatively  high  inherent 
reactance.  This  is  naturally  obtained  by  sacrificing  a  close  inher- 
ent regulation  of  the  machines,  but  this  does  not  prevent  a  good 
regulation  on  the  system  from  being  maintained,  the  same  being 
accomplished  by  means  of  automatic  voltage  regulators. 

Three-phase  generators  should  always  have  their  armature 
windin^Sfs  connected  in  star.  Whether  the  generator  neutral 
should  be  grounded  or  not  depends  on  operating  conditions.    If 
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an  uninterrupted  service  is  the  most  essential  consideration,  the 
system  should  not  be  grounded,  while  if  it  is  more  desirable  to 
limit  the  voltage  strains,  imposed  by  grounds,  it  may  be  advisable 
to  ground  the  neutral,  thus  limiting  the  stress  to  the  Y-voltage. 
Grounding  may  also  be  advisable  where  selective  action  is  de- 
sired on  a  number  of  outgoing  feeders,  especially  underground, 
so  that  individual  feeders  may  be  disconnected  even  in  the  case 
of  grounds.  In  transmission  systems  with  one  or  two  lines  the 
isolated  system  seems  to  be  the  most  favored  and  the  apparatus 
must  therefore  be  designed  to  withstand  the  full  delta-voltage. 
If  this  is  not  advisable  the  neutral  must  be  dead-grounded,  but 
in  this  case  the  mechanical  design  of  the  apparatus  must  be 
such  that  it  can  safely  withstand  the  strains  due  to  the  fre- 
quent short-circuits  which  occur  when  ground  takes  place.  If 
the  grounding  is  done  to  insure  selective  action  of  feeders,  it  may 
be  advisable  to  ground  the  generators  through  a  resistance.  In 
this  case,  however,  the  voltage  strain  is  not  limited  to  the  Y-volt- 
age and  this  must  be  given  due  consideration.  The  resistance 
should  have  a  value  high  enough  to  limit  the  neutral  current, 
but  still  low  enough  to  insure  that,  if  a  ground  occurs  in  one 
phase,  it  will  permit  a  sufficiently  large  current  to  flow  in  the 
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neutral  to  open  the  protective  circuit-breakers.  Non-inductive 
resistances  are  preferable  to  reactances,  since  they  eliminate  the 
danger  of  high  frequency  oscillations  between  line  and  ground 
through  the  generator  reactance  in  the  path  of  the  third  harmonic, 
by  damping  the  oscillation  in  resistance.  The  grounding  of  the 
neutral  through  a  reactance  may,  therefore,  be  very  dangerous, 
owing  to  the  possibilities  of  a  resonance  voltage  rise. 

EXCITERS 

While  comparatively  little  attention  has  been  paid  in  the  past 
to  the  problem  of  excitation,  a  great  deal  is  now  given  to  this 
important  subject.  The  capacity  of  the  exciter  units,  the  proper 
division  of  the  required  exciter  capacity  into  several  units,  the 
method  of  drive,  the  arrangement  and  connections  of  the  different 
units,  the  proper  system  of  automatic  voltage  regulation,  etc.,  are 
all  factors  which  should  be  given  careful  consideration,  and 
which  have  an  important  bearing  upon  the  successful  operation 
of  the  plant. 

The  capacity  of  the  exciters  should  be  sufficient  to  excite  all 
the  synchronous  apparatus  in  the  station  when  these  machines 
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are  operating  at  their  maximum  load  and  at  the  true  operating 
power-factor.     It  is  not  enough  to  provide  for  the  excitatioi 
when  the  machines  are  operating  at  unity  power-factor,  becai 
the   excitation    required    at    lower    power-factors    is    considei 
ably  higher  than  at  a  unity  power-factor.    Exciters  are  g( 
erally  designed  for  a  25  per  cent,  2-hour  overload  rating  and  b^ 
providing  exciters  with  a  combined  normal  capacity  equal  to 
excitation  required  for  all  the  synchronous  machines  in  the  si 
tion  when  operating  at  the  maximiun  load,  sufficient  margin 
be  left  for  operating  auxiliary  apparatus  as  the  case  may  be. 

A  125-volt  excitation  pressure  has  been  considered  standai 
for  moderate  size  installations,  while  for  larger  plants  a  250-vc=r3i^ 
exciter  system  will  generally  be  found  more  economical. 

Almost  all  exciters  are  now  of  the  direct-connected  tyt^ 
They  may  be  driven  either  by  the  main  generators,  by  s^par^te 
water-wheels  or  by  motors.    The  practice  of  installing  one  direcrt- 
connected  exciter  for  each  main  generator  has  been  used  C017- 
siderably  in  the  past,  although  in  modem  installations  it  has  gen- 
erally given  place  to  other  systems.   With  a  few  generating  units 
in  the  station,  however,  this  method  may  be  used,  but  in  order 
to  provide  for  the  failure  of  one  exciter  it  is  advisable  to  give 
each  exciter  a  rating  equal  to  twice  that  required  for  one  gener- 
ating unit.     For  plants  with  a  large  number  of  imits,  this  system, 
however,  becomes  rather  complicated  and  it  is  furthermore  open 
to  the  objection  that  the  exciters  will  be  affected  by  the  speed 
variations  of  the  prime  movers  caused  by  the  variation  in  the 
load. 

The  system  which  seems  to  be  the  most  favored  from  an 
operating  point  is  one  in  wtiich  the  excitation  is  obtained  from 
a  common  source  consisting  of  as  few  exciters  as  possible.    Three 
units  are  then  generally  provided,  two  of  these  being  used  fo' 
normal  operation  and  the  third  one  being  held  in  reserve.    Ther 
seems  to  be  some  different  opinions  as  to  whether  the  two  excite 
used  for  normal  operation  should  be  water-wheel  driven  and  f 
reserve  unit  motor  driven,  or  vice  versa.     It  seems,  however,  t 
both  from  an  economical  point  of  view  and  from  an  opera' 
standpoint,  it  would  be  preferable  to  have  the  two  exciters 
for  normal  operation  motor  driven;  the  water-wheel  driver 
citer  should  then  be  used  only  when  starting  up  or  as  a  re 
This  method  seems  therefore  to  be  the  most  desirable,  as 
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is  always  a  possibility  of  debris  clogging  up  the  small  exciter 
turbines,  while  on  the  other  hand  it  is  claimed  that  motor-driven 
exciters  will  operate  more  satisfactorily  in  parallel,  this  being 
partly  due  to  the  fact  that  it  is  difficult  to  provide  a  sufficient  fly- 
wheel capacity  with  water-wheel  driven  units  without  equipping 
them  with  fly-wheels.  Preference  for  motor-driven  exciters  has 
been  given  in  one  particular  instance  for  the  reason  that  on  short- 
circuits  in  the  system,  the  motor-driven  exciter  sets  will  drop 
in  speed  and  thus  minimize  the  effect  of  the  short-circuit. 

In  some  of  the  latest  hydro-electric  developments  an  entirely 
new  and  quite  novel  system  of  excitation  is  being  used,  in  that  one 
small  motor-driven  exciter  set  is  provided  for  each  generator  unit. 
The  exciter  has  a  capacity  corresponding  to  that  required  by  its 
generator  and  the  terminals  are  connected  directly  to  the  gener- 
ator field.  The  motors  of  the  various  exciter  sets  are  fed  from 
one  or  two  low-voltage  generators  driven  by  independent  water- 
wheels,  but  in  addition,  the  connections  are  so  arranged  that  if 
necessary  the  motors  may  be  connected  to  the  main  bus  through 
transformers,  two  separate  sources  thus  being  provided  for  driv- 
ing them.  With  this  arrangement  the  objection  to  motor-driven 
exciters  on  the  ground  that  they  are  liable  to  fall  out  of  step 
when  the  short-circuit  occurs  on  the  system,  has  naturally  no 
bearing,  because  the  system  of  excitation  is  entirely  independent 
of  the  alternating-current  system. 

Another  large  development  also  uses  a  system  somewhat 
similar  to  the  above,  but  instead  of  making  provisions  so  that  each 
individual  exciter  set  may  be  connected  to  the  main  bus,  the 
auxiliary  water-wheel  driven  generators  normally  feeding  the 
exciters  are  also  direct-connected  to  an  induction  motor  which 
can  be  connected  to  the  main  bus  in  case  of  trouble  to  the  water- 
wheels. 

The  use  of  storage  batteries  in  connection  with  exciters  has 
of  late  been  increasing  considerably.  The  advantages  of  such  a 
combination  are  obvious,  as,  with  the  failure  of  exciters  for  some 
reason  or  other,  the  storage  battery  would  automatically  keep  up 
the  excitation. 

TRANSFORMERS 

The  number  and  size  of  the  transformers  and  whether  they 
should  be  of  the  single  or  3-phase  type,  depends  entirely  on  the 
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nature  of  the  development  and  on  the  conditions  to  be  met  With 
moderate  voltage  developments  it  has  in  the  past  been  the  general 
practise  to  install  one  transformer  bank  for  each  g^enerator  and  of 
equal  capacity  to  the  same,  even  if  this  size  was  not  the  most  eco- 
nomical. With  a  large  number  of  units  it  was  then  naturally  more 
advantageous  to  install  3-phase  transformers,  while  in  plants 
consisting  of  one  or  two  generating  units  where  the  cost  of  a 
spare  3-phase  transformer  was  not  warranted,  it  was  found  pref- 
erable to  install  single-phase  type  units. 

With  our  present  modem  high-voltage  systems  where  it  is 
undesirable  to  parallel  the  transmission  lines  on  the  high-tension 
side    or    to    carry    out    any    high-tension    switching,     it    has 
become     general     practise     to     install     the     transformers    in 
groups,    each    having    a    capacity    corresponding    to     a    line; 
the  transformer  group  and  the  line  thus  being  considered  as  a 
unit.    Transmission    lines    generally    have    a    current-canning 
capacity  ranging  from  15,000  to  40,000  kw.  and  as  the  most  eco- 
nomical size  of  high-voltage  transformers  is  from  6000  to  lofioo 
kw.,  it  is  obvious  that  it  is  entirely  feasible  to  provide  one  bank 
of  single-phase  transformer   for   lines  up  to  about   2S,ooo-kw. 
capacity,  while  above  this,  it  becomes  necessary,  as  a  rule,  to 
provide  two  banks  in  parallel  for  each  line.     The  transformers 
may  be  connected  either  in  delta  or  in  Y,  but  it  is  now  generally 
conceded  that  the  isolated  delta  connection  is  preferred  on  account 
of  the  increased  reliability  which  such  a  system  affords.     Under 
normal  operation  the  voltage  stress  of  the  apparatus  is  the  same 
whether  the  isolated  delta  or  the  grounded  Y-connection  is  used, 
but  in  case  of  ground  on  one  line  wire  the  isolated  delta  system 
will  naturally  be  exposed  to  a  higher  voltage  above  ground  than 
would  be  the  case  with  the  grounded  Y  system.     The  disadvan- 
tage of  the  grounded  Y-system,  however,  is  that  any  ground  of 
the  line  wires  will  cause  a  short-circuit  and  thus  a  shut-down, 
which  is  not  the  case  with  the  delta  system,  where,  in  certain 
instances  it  has  been  found  that  the  operation  could  be  kept 
up  for  a  whole  week  with  one  of  the  line  wires  grounded. 

The  most  important  requirement  in  connection  with  modem 
transformers  of  large  capacity  is,  that  their  design  must  be  such 
to  limit  the  current  output  of  the  system  which  it  feeds  at 
Tmcs  of  short-circuits,  and  l>csi(les  this  to  successfully  withstand 
le  tremendous  mechanical  strains  to   which  the  transformer 
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windings  are  subjected  due  to  short-circuits.  Such  transformers 
are  for  this  reason  now  generally  designed  with  a  considerable 
higher  reactance  than  was  formerly  the  case;  4  to  6  pef  cent 
reactance  now  being  quite  common. 

The  transformers  should  always  be  provided  with  taps  in  the 
windings.  In  many  instances  it  is  found  desirable  to  begin  the 
operation  of  the  system  at  half  the  ultimate  voltage  and  in 
order  to  accomplish  this  the  transformers  are  often  provided  with 
50  per  cent  taps  in  the  high-voltage  winding.  It  is  also  custom- 
ary to  provide  the  high  voltage  windings  with  four  2j4  per 
cent  taps  below  the  normal  operating  voltage  so  that  these  taps 
can  be  used  in  compensating  for  the  line  drop  as  the  load  in- 
creases. Such  taps  are  of  course  only  necessary  in  the  step- 
down  transformers,  but  for  the  sake  of  interchangeability  they 
are  usually  provided  in  the  step-up  transformers  as  well. 

The  step-up  transformers  which  are  located  in  the  generat- 
ing station  are  of  course  always  of  the  water-cooled  type.  Such 
is  in  many  instances  also  the  case  for  substation  transformers, 
although  in  the  majority  of  cases  self-cooled  transformers  must 
be  used  on  account  of  the  absence  of  sufficient  cooling  water. 
There  are  a  number  of  different  types  of  self-cooled  transformers 
on  the  market  such  as  the  corrugated  type,  the  compound  cor- 
rugated type  and  the  radiating  pipe  type.  A  combination  of  a 
self-cooled  and  air-blast  ;type  has  also  been  proposed  and  it  seems 
to  be  a  very  feasible  arrangement.  Such  transformers  could 
be  operated  at  the  average  load  as  plain  oil-cooled  transformers, 
while  for  peak  loads  of  considerable  duration  they  could  be  run 
and  efficiently  cooled  by  starting  up  the  blower  outfit. 

A  considerable  activity  has  recently  taken  place  in  the  use  of 
out-door  substations.  With  the  exception  of  the  bushings  the 
transformers  for  such  installations  differ  comparatively  little  from 
the  indoor  type;  the  only  feature  out  of  the  ordinary  being  the 
necessity  of  keeping  moisture  from  entering  the  transformer  cases 
under  the  covers  and  leads.  To  prevent  this  the  joints  have  been 
made  with  waterproof  gaskets  and  breathing  chambers  have  been 
provided. 

Special  precaution  must  naturally  be  taken  to  protect  trans- 
formers of  the  outdoor  type  both  from  the  extreme  heat  in  the 
summer  and  from  the  cold  in  the  winter.  While  the  former  can 
readily  be  obtained  by  providing  sunshades,  in  certain  instances 
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very  good  results  have  been  obtained  by  simply  painting  tk 
tanks  white.  It  is  more  difficult,  however,  to  provide  for  the 
cold  winter  temperatures,  especially  with  water-cooled  trans- 
formers. With  the  transformers  in  service  there  seems  to  he 
no  danger  of  freezing  and  if  such  should  be  the  case  some  sort 
of  heating  grids  could  readily  be  provided  in  the  bottom  of  the 
tanks.  The  main  difficulty  lies  in  the  formation  of  moisture  whid 
takes  place  when  the  temperature  of  the  transformer  is  allowed 
to  fall  below  that  of  the  surrounding  air.  This  applies  equally 
well  to  indoor  transformers,  and  precautions  must  therefore  be 
taken  that  this  does  not  happen.  This  may  be  accomplished 
either  by  reducing  the  water  rate  at  times  of  cold  weather  or  by 
using  the  cooling  water  over  and  over  again.  Non-freezing  cA 
may  be  used  in  such  transformers,  but  its  cost  is  so  high  that 
it  is  almost  prohibitive  from  a  commercial  point. 

Water  flow  indicators,  oil  gauges  and  indicating  thermom- 
eters should  naturally  be  provided  and  it  has  also  been  suggested 
that  It  would  be  advisable  to  insert  exploring  coils  in  the  trans- 
formers and  connect  them  with  indicating  instruments  on  the 
switchboards. 

POWER-LIMITING  REACTANCES 

The  increase  in  the  size  of  modern  generating;  units  and  the 
concentration  of  enormous  amounts  of  power  in  single  generat- 
ing stations  or  systems  have  made  it  necessary  not  only  to  increase 
the  inherent  reactance  of  the  apparatus  but  also  to  provide  arti- 
ficial reactances  for  limiting  the  amount  of  current  that  may  flow 
from  any  part  of  the  system  into  a  short-circuit  in  apparatus  or 
connections  inside  of  station  or  close  to  the  station.     By  so  limit- 
ing the  abnormal  flow  of  current  into  a  short-circuit  the  generat- 
ing system,  as  a  whole,  is  relieved  from  possible  disastrous  effects 
of  such  short-circuits. 

Power-liniitin:;::  reactances  may  be  divided  into  three  classes— 
p^enerator,  bns-scrtionalizing  and  feeder  reactances.  The  first 
class  is  not  used  to  any  great  extent  in  connection  with  water- 
wheel  driven  generators,  as  these  have,  as  a  rule,  sufficiently 
liigh  inherent  reactance. 

Bus-sectionalizing  reactances  are,  however,  becoming  very 
generally  used  in  large  stations.  When  a  bus  becomes  so  large 
that  for  continuity  of  service,  etc.,  it  becomes  necessary  to  divide 
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it  into  several  sections,  reactances  may  be  placed  between  the 
sections,  permitting  any  section  to  draw  only  part  of  its  load  from 
the  adjacent  sections;  thus  limiting  the  short-circuit  current  of 
one  section  to  that  of  this  particular  section  and  in  addition  the 
limited  amount  drawn  from  the  adjacent  sections.  The  buses 
are  generally  sectionalized  so  that  each  section  has  a  capacity 
of  from  30,000  to  50,000  kw.,  and  the  sectionalizing  reactances 
are  generally  so  proportioned  that  they  will  limit  the  current 
drawn  from  the  two  adjacent  sections  to  the  short-circuit  current 
of  one  generator. 

Reactances  may  also  sometimes  be  advisable  in  tie  lines, 
this  type  of  reactance  to  be  treated  the  same  way  as  a  sectionaliz- 
ing reactance.  It  may  also  be  advantageous  to  install  reactances 
in  outgoing  feeders,  especially  in  feeders  where  trouble  is  liable 
to  occur  at  frequent  intervals,  and  the  suggestion  has  been  made 
that  it  would  be  advisable  to  provide  reactances  in  all  the  station 
feeders  supplying  power  to  the  auxiliary  station  apparatus,  such 
as  the  motor-driven  exciter  sets,  etc. 

REGULATORS  AND  SYNCHRONOUS  CONDENSERS 

The  problem  of  voltage  regulation  has  become  of  increased 
importance  and  it  has  been  necessary  to  resort  to  new  methods 
to  accomplish  it,  in  connection  with  our  modem  systems  of  higher 
voltages. 

The  use  of  automatic  T.  A.  regulators  is  well  understood  and 
this  type  of  regulator  has  given  entirely  satisfactory  service  where 
it  has  been  applied.  While  the  general  practise  has  been  to 
adjust  the  regulator  for  a  constant  bus-bar  voltage  in  the  generat- 
ing station,  compensation  for  a  line  drop  can  and  has  been  ob- 
tained by  providing  line  drop  compensators.  This  method  is 
entirely  feasible  where  all  the  power  is  fed  to  one  distributing 
center  and  where  it  is  desirable  to  keep  the  voltage  constant  at  this 
point.  In  systems  wherever  power  has  to  be  fed  to  a  number 
of  distributing  centers,  it  is  impossible  to  compensate  for  the 
different  drops  to  the  various  substations. 

Where  separate  exciters  are  operated  for  each  generator  and 
these,  exciters  are  not  operated  in  parallel,  as  is  the  case  in  some 
modem  hydro-electric  stations,  the  regulators  can  be  used  for 
preventing  wattless  cross-currents  flowing  between  the  gener- 
ators.   This  is  accomplished  by  installing  current  transformers 
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for  each  generator  and  by  connecting  theni  90  deg.  out  of  phase 
with  the  potential  transformer ;  so  that  if  cross-currents  tend  to 
flow  between  the  generators  they  will  be  reduced  by  the  regulator 
action  which  tends  to  strengthen  or  weaken  the  excitation  ol 
the  units  as  required. 

The  fluctuating  voltage  of  the  exciter  bus-bars,  caused  b; 
the  use  of  automatic  voltage  regulators,  is  sometimes  objected 
to  in  cases  where  it  is  desired  to  operate  station  lamps,  oil 
switches,  relays  and  other  auxiliary  apparatus  from  the  exdter 
bus-bars.  It  is,  however,  possible  to  keep  the  exciter  bus  pres- 
sure constant  and  effect  the  voltage  regulation  necessary  for  tbe 
regulation  of  the  alternating-current  generators  by  means  of  a 
booster  controlled  by  an  automatic  regulator. 

A  relay  has  also  been  devised  for  use  in  connection  with 
automatic  T.  A.  regulators  for  minimizing  the  effect  of  short- 
circuits  and  possible  voltage  rises  in  the  transmission  system. 
If  a  voltage  regulator  is  used  and  a  short-circuit  should  occur 
somewhere  on  the  system,  the  action  of  the  regulator  would 
naturally  be  to  deliver  the  maximum  excitation  so  as  to  keep 
up  the  voltage  of  the  system.  This  in  turn  necessitates  that  the 
governors  of  the  prime  movers  be  wide  open,  and  if  the  short- 
circuit  should  be  suddenly  relieved,  the  voltage  often  rises  to  very 
high  values  owing  to  the  time  element  involved  in  closing  the 
governors  and  in  demagnetizing  the  fields.  The  relay  is  provided 
with  a  current  coil  and  a  potential  coil  and  will  automatically  ^^ 
duce  the  excitation  in  case  of  excessive  loads,  high  voltages,  or 
any  other  cause  tending  to  increase  the  voltage. 

The  question  of  regulation  of  large  high-voltage  systems 
involves,  as  previously  stated,  a  number  of  difficulties  not  en- 
countered in  low-voltage  work.  In  the  latter  case  the  energy 
loss  is  generally  the  limiting  factor  and  the  regulation  can  often 
be  improved  by  installing  larger  conductors,  which  at  the  same 
time  will  reduce  the  line  loss.  With  high-voltage  systems  the 
^ain  of  doing  so  is  very  slight  and  other  means  must  be  resorted 
to  for  keeping  the  regulation  within  commercial  limits.  The 
effect  of  the  inductance  and  capacity  of  the  line  causes  the  voltage 
to  vary  within  very  wide  limits  from  full  to  no  load.  At  no  load 
the  large  capacity  current  causes  a  rise  of  voltage  from  the  gen- 
erating^ station  to  tlie  receiving  end.  while  at  full  load  the  lagging 
inductive  current  taken  by  the  load,  in  general,  more  than  offsets 
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the  effect  of  the  capacity  current  and  causes  a  drop  of  voltage 
from  the  generating  station  to  the  receiving  end.  It  is  evident 
tlen  that  by  installing  a  synchronous  condenser  at  the  receiving 
end,  and  taking  advantage  of  the  characteristics  of  this  machine, 
the  receiving  voltage  can  be  kept  constant  at  a  determined  value 
by  adjusting  the  synchronous  condenser  field,  causing  the  con- 
denser to  draw  a  lagging  current  from  the.  line  at  no  load  and 
a  leading  current  at  full  load.  The  generating  voltage  should 
preferably  be  kept  constant  by  means  of  automatic  T.  A.  regu- 
btors. 

An  automatic  regulation  of  the  condenser  field  current  can 
also  readily  be  accomplished  by  means  of  a  T.  A.  regulator. 
As  the  excitation  must  at  times  be  practically  zero,  a  special  ex- 
citer arrangement  must  be  resorted  to  in  order  to  provide  for 
the  limiting  voltage  range  of  the  regulator.  This  is  accomplished 
by  exciting  the  condenser  from  a  2SO-volt  exciter,  whose  fields 
in  turn  are  separately,  excited  from  a  125- volt  source,  consisting 
of  two  small  exciters  which  are  running  series  bucking.  One  of 
these  exciters  is  designed  for  125  volts  and  the  other  for  250  volts, 
the  regulator  being  placed  across  the  2So-volt  exciter.  In  this 
manner  the  range  of  the  regulator  is  from  125  to  250  volts,  never 
reaching  zero,  while  the  excitation  of  the  condenser  is  from  zero 
to  250  volts. 

SYSTEMS   OF   CONNECTIONS   AND   SWITCHING   EQUIPMENT 

In  laying  out  the  system  of  connections  and  the  switch  equip- 
ment for  a  high-tension  transmission  system  there  are  a  number 
of  general  principles  which  must  be  kept  clearly  in  mind.  Reli- 
ability and  continuity  of  service  are  the  main  considerations, 
but  besides  this  the  protection  of  the  apparatus  from  injury  should 
l)c  given  very  careful  study.  These  considerations,  are,  however, 
ftry  closely  connected  and  must  naturally  be  treated  together. 

While  modem  methods  of  design  have  reduced  apparatus 
roubles  to  a  minimum,  they  naturally  will  occasionally  occur 
nd  it  becomes  therefore  essential  to  so  lay  out  the  system  that 
ie  troubles  may  be  isolated  and  not  spread  and  cause  a  shut- 
3wn  of  the  whole  system. 

The  system  of  connections  obviously  depends  on  the  con- 
tions,  and  entirely  new  methods  have  to  be  followed  for  the 
xlem  developments  using  very  high  transmission  voltages — 
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50,000  volts  and  above.     The  reason  for  this  is,  as  prcvio 
stated,  the  surges  set  up  by  high-tension  switching  and  the 
gers  to  the  transformers  resulting  therefrom,  which  makes 
desirable  to  reduce  all  the  switching  on  the  high-tension 
to  the  absolute  minimum. 

The  generators  should  preferably  be  paralleled  on  a 
mon  low-tension  bus,  the  generator  switches  being  non-; 
matic,  or  if  automatic  protection  is  desirable  the  switches  sb 
be  provided  with  definite  time-limit  relay,  set  very  high.    Rev< 
power  relays  are  also  occasionally  installed,  but  are  gen 
arranged  to  ring  an  alarm  gong  in  case  of  reversal  of  the  po 
and  not  to  trip  out  the  switch. 

The  low-tension  bus  should,  as  previously  stated,  be  s 
alized  if  the  capacity  of  the  station  is  large,  it  being  the 
practice  to  limit  the  normal  capacity  of  each  bus  section  to  f 
30,000  to  50,000  kw.  In  this  connection  it  may  also  be  adv 
that  it  is  highly  desirable  to  so  sectionalize  the  bus  that  suffidi 
generator  capacity  to  furnish  the  charging  current  of  one  line 
be  entirely  separated  from  the  rest  and  used  for  testing  out 
lines.  A  ring  bus  will  generally  insure  sufficient  flexibility  tfll 
accomplish  this,  although  for  larger  system  a  double  bus  may  bi 
warranted. 

The  inadvisability  of  tying  the  high-tension  lines  togedMf 
and  of  high-tension  switching,  has  already  been  taken  up,  m 
well  as  the  preferable  grouping  of  the  transformer  forming 
units  with  the  lines.  All  the  switching  should  therefore  be  done 
on  the  low-tension  side  of  the  transformers  both  in  the  genenife' 
ing  and  substations;  the  former  switches  being  equipped  witt 
inverse  time-limit  relays  and  the  latter  with  reverse-energy  re^ 
lays. 

It  is,  however,  customary  to  provide  non-automatic 
switches  in  the  outgoing  and  incoming  lines  to  be  used  in 
of  sectionalizing  and  in  addition  non-automatic  tie  switches  sb 
also  be  provided  between  the  lines,  or  if  more  than  two  lines 
present  it  may  be  advisable  to  provide  high-tension  transfrf 
buses.  Sectionalizing  switches  of  the  knife-switch  type  shod! 
be  installed  at  certain  intervals  on  the  towers  along  the  line; 
so  that  the  circuits  may  be  sectionalized  in  two  or  more  sees 
tions  to  facilitate  testing  and  for  isolating  line  troubles. 

With  this  system  of  connections  considerable  responsibility  i 
placed  on  tlie  operators,  as  the  relays  of  the  transformer  switdie 
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lost  be  set  at  from  icx>  to  150  per  cent  overload,  thus  above  the 
Ife  continuous  operation  of  the  transformers.  Suppose,  for  ex- 
nple,  that  we  have  a  system  with  two  parallel  lines  connected 
I  two  transformer  groups  on  the  unit  principle.  A  trouble  in 
€  of  the  Hnes  will  then  cause  it  to  be  disconnected  together 
th  the  transformers  through  which  it  is  fed.    This  then  throws 

the  load  over  to  the  remaining  line,  which,  with  its  trans- 
mers  will  be  overloaded  100  per  cent,  and  in  order  that  this 
t  shall  not  be  disconnected  at  this  increase  in  the  load,  the 
ays  must  be  set  for  more  than  100  per  cent  overload.  Trans- 
mers  can,  however,  carry  100  per  cent  overload  for  five  or  ten 
nates,  which  should  give  the  operator  sufficient  time  to  dis- 
mect  the  defective  line  and  connect  the  transformers  in  paral- 
again  to  feed  the  remaining  line.  It  is  therefore  also  desirable 
so  proportion  the  line  conductors  that  one  line  or  one  line  and  a 
rtion  of  the  other  can  take  care  of  the  entire  load,  although  in 
ii  cases  a  rather  poor  regulation  is  to  be  expected. 

All  of  the  outgoing  substation  feeders  should  be  equipped 
th  switches  actuated  by  instantaneous  overload  relays  so  as  to 
mediately  disconnect  a  feeder  when  trouble  occurs  in  it,  and 
IS  not  cause  the  trouble  to  spread  to  other  parts  of  the  system. 

Where  it  is  desired  to  protect  tagainst  short-circuits,  etc.,  in 
es  tying  two  generating  stations  together,  the  so-called  tie- 
t  relay  should  be  used.  This  relay  does  not  operate  on  over- 
id  or  on  normal  reversal  of  power  in  the  tie  line,  as  the  object 
dus  line  generally  is  to  let  power  be  interchanged  between 
*  two  stations  in  either  direction  as  the  case  may  be.  If  a 
Mt-orcuit  takes  place  in  the  tie  line,  current  will  then  neces- 
ily  flow  from  either  station  into  the  short,  and  thus  in  opposite 
ections  in  the  sections  on  either  side  of  the  trouble.  It  is  on 
s  principle  that  the  relay  is  designed  and  under  this  condition 
will  cause  the  tie-line  switches  to  trip  at  both  ends  of  the 
e,  thus  cutting  it  out  of  service  without  disturbing  the  operation 
the  two  stations.  This  relay  is  also  termed  a  "pilot-wire" 
ay  as  it  necessitates  the  use  of  pilot  wires  between  the  stations 
its  operation.  • 

In  selecting  the  oil  switches  their  rupturing  capacity  becomes 
importance.  A  smaller  size  switch  can  as  a  rule  be  used 
une-limit  relays  are  used,  as  this  permits  the  initial  short-circuit 
rent  rush  to  diminish  before  the  switch  opens.     It  should  also 
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be  kept  in  mind  that  smaller  switches  can  oftener  be  used  at  tk 
substations  than  at  the  generating  stations,  because  the  rcactaoa' 
of  the  transformers  and  the  transmission  lines  will  reduce  the 
short-circuit  currents  and  their  effect  to  a  great  extent. 

LIGHTNING  ARRESTERS 

Aluminum-cell  electrolytic  lightning  arresters  are  nowadaji 
used  almost  entirely  for  lightning  protection  of  high-voltage  trans- 
mission systems.  This  type  of  arrester  has  an  enormous  dis- 
charge capacity,  and  its  general  characteristics  are  well  known. 
The  arrester,  however,  is  not  a  universal  protector  against  aO 
kinds  of  interruptions.  For  example,  while  it  meets  the  usual, 
and  most  of  the  unusual,  needs  in  protection  against  disruptife 
potentials  from  lightning,  an  arrester  located  in  the  station  can  not, 
and  is  not  expected  to  protect  an  insulator  put  on  the  line  from 
a  lightning  flash.  Neither  is  it  designed  to  protect  against  surges 
of  relatively  low  potential. 

The  comparatively  recent  addition  of  a  charging  resistance 
will  insure  a  material  improvement  in  the  operation  of  the  ar- 
rester, as  well  as  increased  life  of  cones  and  electrolyte.  Tbe 
charging  current  is  limited,  and  its  wave  form  is  so  modified 
that,  even  with  such  a  delicate  test  as  a  parallel  telephone  circuit, 
it  is  impossible  to  detect  any  action  of  the  charging  on  resonant 
parts  of  the  circuit. 

The  horn  gap  with  charging  resistance  has  an  auxiliary  horn 
mounted  above  and  insulated  from  the  regular  horn  in  such  a 
manner  as  to  intercept  the  arc  if  it  arises  on  the  regular  hems. 
Enough  resistance  is  connected  in  series  with  this  auxiliary  honi 
so  that  the  current  flow  and  arc  across  this  gap  are  always  limited 
to  a  moderate  value.  Such  a  device  has  several  advantages. 
Since  the  mechanism  is  so  arranged  that  the  charging  is  always 
done  through  the  auxiliary  horn  the  current  rush  is  limited  dur- 
ing the  charging  and  thus  troubles  from  carelessness  or  ignor- 
ance are  avoided.  It  also  gives  a  more  uniform  charging  current 
Light  discharges  will  pass  across  the  auxiliary  gap  through  the 
series  resistance  to  the  cells.  If  the  discharge  is  heavy,  the  re- 
sistance offers  impedance  to  cause  the  spark  to  pass  to  the  main 
horn.  This  is  accomplished  with  only  a  slight  increase  in  poten- 
tial because  the  gap  is  already  ionized.  If  the  cells  are  in  a  nor- 
mal condition  the  spark  at  the  gap  is  immediately  extinguished 
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intbout  any  flow  of  dynamic  current.  If  the  cells  through  either 
icg%ence  or  some  untoward  condition  are  in  poor  form,  the 
fttamic  current  may  follow  the  discharge  across  the  main  gap 
id  the  arc  will  rise  to  the  safety  horn  and  be  extinguished 
rough  a  resistance. 

It  IS  important  to  avoid  the  mistake  of  choosing  an  arrester 
ir  a  thoroughly  grounded  neutral  when  the  neutral  is  only  partly 
xmnded;  that  is  to  say,  grounded  through  an  appreciable  re- 
liance. Careful  consideration  of  this  condition  will  make  the 
ove  statement  clear.  In  an  arrester  for  a  grounded  neutral  cir- 
lit,  each  stack  of  cones  normally  receives  the  neutral  potential 
hen  the  arrester  discharges ;  but  if  a  phase  becomes  accidentally 
rounded,  the  line  voltage  is  thrown  across  each  of  the  other 
acks  of  cones  until  the  circuit-breaker  opens  the  circuit.  Line 
:dtage  is  173  per  cent  of  the  neutral  or  normal  operating  volt- 
ge  of  the  cells  and  therefore  about  150  per  cent  of  the  perma- 
cnt  critical  voltage  of  each  cell.  This  means  that  when  a 
rounded  phase  occurs,  this  50  per  cent  excess  dynamic  |>otential 
I  short-circuited  through  the  cells  until  the  circuit-breaker  opens. 
lie  amount  of  energy  to  be  dissipated  in  the  arrester  depends 
poo  tfie  kilowatt  capacity  of  the  generator,  the  internal  re- 
istance  of  the  cells,  and  the  time  required  to  operate  the  circuit- 
reakers.  It  is  evident  that  the  greater  the  amount  of  resistance 
I  the  neutral,  the  longer  will  be  the  time  required  for  the  cir- 
uit-breakers  to  operate.  Therefore,  in  cases  when  the  earthing 
esistance  in  the  neutral  is  great  enough  to  prevent  the  auto- 
natic  circuit-breakers  from  opening  practically  instantaneously, 
n  arrester  for  a  non-grounded  neutral  system  should  be  in- 
kaUed. 

It  is  difficult  to  determine  these  factors  of  ground  resistance 
md  time  elements  in  the  operation  of  switches  and  therefore  no 
nistake  can  be  made  by  adopting  the  4-tank  arrester  even  on 
founded  Y  circuits. 

Aluminum-cell  arresters  have  been  used  for  both  indoor  and 
utdoor  service,  but  experience  seems  to  indicate  that  the  best 
wvice  is  obtained  by  indoor  installation,  in  which  case  it  is  usual 
►  place  the  tanks  indoors,  while  the  horns  are  placed  outdoors. 
lominum  arresters  operate  with  increased  life  and  maxinuim  cflfi- 
ency  at  moderate  temperatures.  Below  20  deg.  fahr.  the  elec- 
[)l3rte  freezes,  increasing  its  resistance  considerably  and  tern- 
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porarily  decreasing  the  discharge  rate  and  hence  the  efficienq  ct 
the  arrester.  The  electrolyte  and  cells  arc,  however,  not  injuni 
by  this  freezing.  On  the  other  hand,  during  the  periods  win 
arresters  are  frozen,  the  troubles  from  lightning  are  practioDj 
nil  and  the  troubles  from  surges  are  at  a  minimum.  Conseqacnflj 
there  is  not  as  much  need  at  these  times  for  the  highest  degree 
of  protection. 

At  high  temperatures  such  as  would  be  experienced  froa 
exposing  the  tanks  to  the  direct  rays  of  the  sun,  the  electrolytic 
film  on  the  cones  is  more  rapidly  dissolved,  hence  requiring  mon 
frequent  charging  of  the  arrester  to  keep  the  film  in  proper  cob- 
dition.  This  dissolution  becomes  more  rapid  as  the  temperatnit 
increases.  Operation  at  temperatures  above  loo  deg.  fahr.  neces- 
sitates more  frequent  charging  and  continued  operation  at  Aese 
temperatures  results  in  decreased  life  of  the  electrolyte  and  cells. 
High  initial  temperature  of  the  oil  and  electrolyte  is  undesirable, 
as  the  heat  storage  capacity  of  an  arrester  decreases  with  increased 
initial  temperatures.  This  condition  reduces  the  time  which  as 
arrester  can  continue  to  discharge  heavy  recurrent  surges. 

For  these  reasons  the  outdoor  installation  of  aluminum  ar- 
resters cannot  be  considered  as  desirable  as  the  indoor,  but  the 
conditions  may  be  such  that  it  is  very  essential  from  an  econom- 
ical point  to  locate  the  arresters  outdoors,  in  which  case  mean? 
should  be  provided  for  shading  them  from  the  direct  rays  of  the 
sun.  During  the  past  few  years  a  large  number  of  arresters 
of  various  voltages  have  been  installed  outdoors,  and  their  oper- 
ation has  been  quite  satisfactory. 

MISCELLANEOUS  PROTECTIVE  APPARATUS 

A  number  of  other  protective  devices  have  been  used  with 
more  or  less  satisfactory  results.  Among  these  may  be  menticmed 
the  electromagnetic,  arcing  ground  suppressor  and  the  short- 
circuit  suppressor.  The  former  is  intended  for  extinguish- 
ing arcing  grounds  such  as  insulator  spill-overs,  etc., 
before  such  grounds  have  had  time  to  do  damage  and  cause  i 
shut-down  of  the  system.  This  device  consists  of  an  dcctro- 
magnetic  phase  selective  relay  and  three  single-pole  oil  switches  or 
fuses  which  are  connected  between  each  conductor  and  ground. 
Besides  these  there  are,  of  course,  a  number  of  auxiliary  devices. 
In  case  one  phase  becomes  grounded,  the  equilibrium  of  Ae 
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telay  is  immediately  disturbed,  and  it  causes  the  oil  switch 
.  connected  to  the  grounded  phase  to  momentarily  close,  thus  dead- 
grounding  the  conductor,  which  shunts  the  arcing  ground  and  ex- 
.tinguishes  the  same,  after  which  the  oil  switch  immediately  opens 
again.  When  fuses  are  used  in  connection  with  the  relay,  the 
action  of  the  relay  causes  these  fuses  to  be  connected  between 
the  line  and  ground  in. case  of  trouble.  The  time  element  of  this 
dead-grounding  is  obtained  by  the  blowing  of  the  fuse. 

The  action  of  the  electromagnetic  short-circuit  relay  is  some- 
what similar,  but  it  is  of  course  connected  between  the  phases 
instead  of  between  phases  and  ground.  The  time  during  which 
ftcse  devices  have  been  in  service  has  been  too  short  to  demon- 
strate their  usefulness. 

,  Another  device  used  is  the  so-called  "generator-field  destroy- 
ing and  restoring  device,"  which  is  designed  for  protecting  the 
generators  and  station  apparatus  from  extended  short-circuits  or 
/grounds.  The  function  of  this  apparatus  is  to  reduce  the  exci- 
tation of  the  generators  for  a  short  period  when  short-circuits  or 
grounds  take  place,  the  excitation  being  restored  after  two  or 
three  seconds,  which  period  is  so  short  that  there  is  no  danger  of 
the  synchronous  apparatus  falling  out  of  step. 

TRANSMISSION  AND  DISTRIBUTING  UNES 

On  accoimt  of  their  exposed  position,  the  transmission  lines 
^  possibly  the  weakest  link  in  the  high-tension  transmission 
s^em,  and  even  the  failure  of  a  single  insulator  may  cause  a 
complete  shut-down  of  the  system.  It  is  therefore  necessary  that 
*try  careful  consideration  be  given  to  the  design  and  erection 
tf  such  lines. 

In  general,  sted  towers  should  be  used  for  all  high-ten- 
icm  transmissions  of  a  permanent  character,  as  they  insure  an 
increased  reliability  which  is  a  feature  of  special  importance 
inhere  there  is  competition  from  unfailing  steam  plants  located 
in  the  same  field  of  distribution. 

The  more  important  reason  for  the  greater  reliability  of 
t  steel  tower  line  over  one  of  wooden  poles  is  their  substantial 
QDDStruction,  which  makes  them  capable  of  withstanding  sweep- 
hg  storms.  Lightning  troubles,  such  as  splintered  poles,  etc.,  are 
tot  present,  and  towers  are,  of  course,  indestructible  from  forest 
ires.     On  the  other  hand,  easy  access-  to  either  circuit  can  be 
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obtained  in  a  double  circuit  tower,  making  it  possible  to  keq>  if 
service  on  one  circuit  while  repairing  the  other.  The  life  of  i 
steel  tower  transmission  would  also  be  considerably  longer  tha 
that  of  a  wooden  pole  line. 

Both  single  and  double  circuit  transmission  lines  are  m  use, 
but  it  does  not  seem  wise  to  depend  entirely  upon  a  single  or- 
ctiit  to  transmit  the  output  from  an  important  plant.     The  same 
weight  of  copper  divided  into  two  circuits   and   supported  bj 
slightly  modified  towers  would  considerably  reduce  the  chance 
of  shut-down  with  only  a  moderate  additional  cost  for  towers, 
a  second  set  of  insulators,  and  the  labor  of  string^g  the  second 
circuit.     Independent  tower  lines  with  either  sing^le  or  doabk 
circuits  may  be  advisable  for  the  very  largest  and  most  impor- 
tant installations,  and  in  such  cases  it  may  be  advantageous  to  kt 
the  lines  pass  over  entirely  different  routes,  especially  in  moun- 
tainous regions,  so  as  to  minimize  the  possibility  of  shut-dowa 
occasioned  by  storms,  land  slides,  severe  lightning,  etc. 

Wherever  it  is  desired  to  make  the  tap  from  a  single  line  it 
is  advisable  to  loop  the  main  line  into  the  substation.  That  b 
to  say,  if  it  is  desired  to  run  a  tap  off  a  main  line  about  a  mik 
in  length,  this  is  made  a  double  circuit,  the  line  being  looped 
in  so  that  the  services  of  the  substation  attendant  can  be  used 
for  sectionalizing  the  line  in  case  of  trouble.  Where  taps  are  to  be 
made  from  a  double  circuit  line  it  seems  to  be  the  common  practise 
to  build  a  double  circuit  tap  and  bring  in  one  tap  from  each  of  the 
lines  to  the  substation.  No  protective  devices  are  provided  where 
the  taps  are  taken  off  the  main  lines,  as  the  tap  line  is  rather 
considered  as  a  portion  of  the  main  line.  The  reason  for  this 
is  that  the  expense  of  maintaining  a  switching  station  at  the 
tap  located  a  few  miles  from  the  point  of  distribution  is  generallj 
greater  than  what  the  additional  reliability  of  service  would  justify. 
In  systems  where  branch  lines  of  from  25  to  30  miles  are  tapped 
off  the  main  line,  the  switching  apparatus  for  these  branch  lines 
is  always  located  in  the  nearest  town  to  which  the  branch  line 
runs,  and  in  sonic  cases  this  is  as  much  as  10  miles  away  from 
the  tap. 

The  right-of-way  should  be  selected,  as  far  as  commercial 
conditions  permit,  with  the  view  of  escaping  possible  land  slides, 
floods,  etc.,  and  avoiding  thickly  settled  districts.  Across  open 
ojinitry  a  physical  dividing  line  is  usually  not  made,  but  this  is 
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of  the  greatest  importance  where  the  line  passes  through  forests, 
where  right-of-way  should  be  cleared  of  the  trees,  the  clearing 
being  wide  enough  so  that  there  is  no  possibility  of  falling 
trees  striking  the  line. 

Line  conductors  may  be  either  copper  or  aluminum.  It  is 
advisable  for  mechanical  reasons  in  spans  of  200  to  300  ft.  never 
to  use  smaller  cable  than  No.  5  B.  &  S.  copper  or  No.  i  B.  &  S. 
aluminum  (equivalent  No.  3  copper).  For  spans  greater  than 
300  ft,  the  minimum  sizes  of  cable  allowable  are  those  which 
will  give  a  reasonable  sag  at  the  most  severe  climatic  conditions 
assumed.  Frequently  the  size  of  conductors,  determined  by  elec- 
trical considerations,  limits  the  length  of  spans  to  a  smaller 
value  than  is  economical.  This  may  occur  even  with  moderately 
long  spans — 500  to  600  ft. — when  the  character  of  the  country  is 
such  as  to  make  transportation  costly  or  when  expensive  founda- 
tions must  be  used.  In  such  cases  it  will  often  be  found  that 
a  saving  can  be  made  by  increasing  the  size  of  conductor,  thereby 
allowing  an  increase  in  the  length  of  span  and  the  use  of 
fewer  towers  of  approximately  the  same  height  and  not  greatly 
increased  weight. 

Experience  has  shown  that  the  overhead  ground  wire  is  of 
undoubted  value  for  lightning  protection,  and  better  results  may 
be  expected  from  two  wires  than  from  one.  They  should  be 
phced  as  far  above  transmission  wires  as  practicable  and  with  a 
maximum  shade  angle  of  45  deg.  When  concrete  foundations 
are  used  and  the  steel  work  does  not  extend  through  to  the 
moist  earth,  it  is  necessary  to  make  independent  earth  connections 
from  a  ground  wire.  This  may  consist  simply  of  iron  pipes  driven 
into  the  ground  and  connected  to  the  legs  of  the  tower. 

Suspension  insulators  are  now  used  exclusively  for  high- 
voltage  transmission  lines,  the  practical  limit  of  the  pin-type 
insulator  being  approximately  60,000  volts.  For  transmission  volt- 
ages higher  than  are  used  at  the  present,  the  design  of  the  suspen- 
sion insulator  must  necessarily  be  modified,  so  that  the  potential 
along  the  string  can  be  better  distributed.  A  liberal  factor  of 
afety  should  be  allowed  in  selecting  line  insulators,  as  they 
form  only  a  small  part  of  the  total  cost  of  the  line  and  are  the 
uost  vital  factor  in  its  success. 

When  telephone  wires  are  supported  on  the  towers  beneath 
he  transmission  line  wires,  they  should  be  hung  in  such  a  position 


as  to  minimize  the  danger  of  being  crossed  by  the  power  caUBl 
in  case  any  one  of  the  latter  should  break.  On  account  of  w 
long  spans  they  should  preferably  be  made  of  copper-clad  stri 
wire  and  be  hung  about  8  to  lo  ft.  beneath  the  lowest  line  cot] 
ductor  and  frequently  transposed  so  as  to  minimize  the 
under  normal  operating  conditions.  Grounds,  etc.,  on 
power  circuits  of  course  cause  more  or  less  noise  in  the  telefto] 
systems,  but  by  using  leakage  coils  and  transformers  this 
generally  be  done  away  with  and  very  good  service  obtaioeil 
For  very  large  systems  it  seems,  however,  that  separate  pota 
should  be  used  for  the  telephone  line  so  as  to  secure  an  abn- 
lutely  uninterrupted  telephone  service,  as  this  is  without  questioi 
one  of  the  most  important  points  in  the  operation  of  the  systoB.' 

OUTDOOR  STATIONS 

The  necessity  for  reducing  the  investment  outlay  and  tk 
fixed  charges,  especially  with  small  substations,  has  brougk 
about  of  late  a  rapid  development  in  out-of-door  substations,  ani 
especially  those  at  which  the  operator  may  be  dispensed  wifli 
In  such  cases  it  is  desirable  to  have  fuses  or  automatic  switdis 
to  cut  oflF  the  substation  entirely  in  case  of  local  trouble. 

With  the  higher  voltages  and  the  necessity  for  greater 
clearance  and  spacings,  the  saving  in  outdoor  installations  h- 
comes  considerable,  and  the  limit  regarding  their  use  has  not 
by  any  means  been  determined. 

In  places  of  severe  winter  climate  small  outdoor  substations 
with  oil-cooled  transformers  have  worked  satisfactorily  excqit 
in  cases  of  repair,  and,  especially  in  the  larger  installations,  pro- 
vision must  be  made  for  repairing  the  apparatus  indoors.  It 
is,  as  previously  mentioned,  possible  to  introduce  auxiliary  heat- 
ing apparatus  into  transformers  and  switches,  and  also  to  nse 
an  oil  which  does  not  freeze  except  at  extremely  low  tempen- 
tures.  This,  together  with  the  possibility  of  lagging  apparatus 
with  a  heat  insulating  covering,  gives  a  large  deg^ree  of  init 
pendence  as  regards  climatic  conditions. 

Under  severe  climatic  conditions  there  is,  in  general,  more 
of  a  hazard  in  placing  the  apparatus  out  of  doors  than  indooa 
and  it  is  a  matter  of  judgment  to  decide  between  the  saving  io 
cost  and  the  extra  risk  involved. 


IQI 
NORMAL  OPERATION 

The  selection  and  maintenance  of  an  efficient  and  reliable 
operating  force  is  without  question  one  of  the  greatest  insurances 
for  satisfactory  operation.  Most  modem  systems  of  any  size 
iave  a  method  of  operation  which  corresponds  to  that  of  a  train 
lispatcher  on  steam  railroads,  and  where  many  different  plants 
ire  attached  to  the  same  network  this  becomes  practically  neces- 
ary.  The  directions  of  operating  the  different  stations  and  ap- 
»ratus  come  from  a  central  source,  where  the  chief  operator 
as  before  him  a  diagram  of  the  entire  system  and  information 
egarding  the  capacities  of  the  generators  in  use  and  of  the  mag- 
litudes  of  the  loads  at  the  different  places  of  distribution. 

The  successful  operation  of  a  large  system  is  therefore  in- 
imately  connected  with  the  means  which  are  provided  for  com- 
lunication.  Elaborate  signal  systeips  are  being  installed  in  the 
ower  houses  and  telephone  lines  are  always  installed  between 
le  different  stations.  The  use  of  the  telephone  service  is  espe- 
ially  important  at  times  of  electric  disturbances,  thus  at  the 
me  when  there  is  the  greatest  danger  that  communication  may 
I  interrupted,  and  for  this  reason  the  greatest  care  must  be 
lerdsed  in  the  routing  and  erection  of  these  circuits.  It  gener- 
ly  means  independent  pole  lines ;  and  the  use  of  wireless  com- 
imication  has  also  been  advocated,  although  it  is  not  known 
lether  it  has  ever  been  actually  tried  out. 

All  systems  have  to  some  extent  momentary  fluctuations  in 

e  demand  for  power,  and  one  or  more  daily  peaks  in  the  load 

cur.     Some  provisions  must  be  made  for  taking  care  of  both 

these,  and  this  is  done  in  many  ways  in  the  different  systems 

operation  to-day. 

In  the  larger  hydro-electric  systems  there  are  usually  some 
ants  which  have  storage,  and  others  which  do  not,  so  that  a 
istinction  in  operating  these  is  well  made  by  having  the  storage 
lants  do  the  regulating  for  the  system;  and,  as  in  the  Boulder 
lant  of  the  Central  Colorado  Power  Co.,  this  is  sometimes 
irried  to  an  extreme  and  the  plant  installed  to  simply  carry 
le  peak  of  the  load. 

The  regulation  of  water-power  systems  is  as  a  whole  worked 
It  in  various  ways,  but,  as  a  rule,  one  plant  is  generally  selected 
r  this  particular  purpose. 

The  switching  operations  are  determined  by  the  general 
^od  of  operation.    It  has,  however,  been  previously  advo- 
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oated  that  all  high-tension  switching  under  load  should  be  a 
tirely  abolished,  but  where  necessary,  the  apparatus  should  ht 
so  arranged  as  to  have  as  large  a  capacity  as  possible  kftn 
position  behind  the  rupture  to  absorb  the  electrical  disturbance 

When,  for  example,  a  line  is  to  be  cut  into   service,  tk 
high-tension  switches  in  both  the  main  and  substations  shodi 
be  closed  first,  then  the  low-tension  transformer  switch  in  the 
generating  station  should  be  closed,  energizing  the  transfonuen 
and  the  line,  after  which  the  low-tension  transformer  switch  ia 
the  substation  is  closed  and  the  load  picked  up.     In  case  it  be- 
comes necessary  to  open  a  high-tension  switch  in  a  loaded  fine, 
the  circuit  should  if  possible  first  be  paralleled   with  another 
before  opening  the  switch.     If  on  the  other  hand,  transfonncn 
are  to  be  paralleled  on  both  high  and  low-tension  sides,  the  lov- 
tension    switch    should    be    closed    first,    assuming    that   the 
low-tension  bus  is  energized.     Similarly,  in  cutting  out  the  trans- 
former the  low-tension  switch  should  be  opened  last. 

With  the  present  requirements  for  large  amounts  of  air 
for  ventilating  generators,  the  amount  of  dust  brought  into  dc 
apparatus,  unless  the  air  is  properly  filtered,  is  g^eat,  and  regu- 
lar inspection  and  cleaning  at  stated  intervals  is  necessary. 

The  patrol  of  transmission  lines,  with  the  great  imp^OT^ 
ment  that  has  taken  place  in  high-tension  insulators,  has  been 
very  much  reduced,  and  a  greater  importance  is  attached  to  the 
ability  to  locate  the  particular  point  on  the  line  in  trouble,  and 
to  get  the  repair  men  there  at  the  earliest  possible  moment. 
T  .ine  inspection  at  night  has  also  been  made  possible  by  the  use 
of  acetylene  searchlights. 

A  simplified  system  of  records  is  being  worked  out  on 
different  power  systems  which  gives  the  necessary  information 
regarding  the  units  in  operation,  the  condition  of  the  system  in  its 
diflPercnt  parts  and  of  the  location  and  magnitude  of  disturbances. 

Mechanical  registering  devices  have  also  been  brought  oat 
which  show  the  operation  of  the  different  switches,  lightning  ar- 
resters, etc.,  and  the  time  involved.  Such  records  are  of  value 
not  only  to  the  commercial  organization  but  are  exceedingly  help- 
ful, as  in  the  line  of  educating  the  operators. 

Suggestion  systems  have  been  introduced  by  several  oper- 
ating companies,  prizes  being  given  to  the  men  offering  the 
i)est  suggestions.     This  practise  has  in  many  instances  been  very 
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satisfactory,  many  good  and  valuable  suggestions  having  been 
obtained  and  used  with  profit. 

All  possible  precautions  should  of  course  be  taken  to  pro- 
tect the  operators  from  danger,  and  the  excellent  results  that 
have  in  the  past  been  obtained  by  "pulmotors"  in  resuscitation 
from  shocks  would  seem  to  indicate  the  importance  of  provid- 
ing some  such  apparatus  in  all  important  stations. 

EMERGENCY  CONDITIONS 

Transmission  systems  must  be  designed  to  meet  the  emer- 
gency conditions  which  arise,  quite  as  much  as  those  of  normal 
operation.  Troubles  and  interruptions  occur  in  every  commercial 
system,  and  their  results  must  be  minimized  so  far  as  possible. 

Trouble  still  arises  from  breakings  in  flumes,  pipe  lines  and 
penstocks,  as  well  as  in  hydraulic  valves,  but  most  of  the  disturb- 
ances are  due  to  line  troubles  or  the  break-down  of  apparatus 
from  the  effects  of  overload  or  high-voltage  disturbances. 

Two  general  principles  are  involved  in  the  decision  as  to  how 
to  care  for  such  cases.  Reliance  is  placed  either  on  the  operators 
or  on  automatic  devices.  Theoretically,  the  system  should  be 
arranged  so  that  the  disturbing  part  or  piece  of  apparatus  is 
automatically  cut  out  as  soon  as  the  condition  becomes  abnormal, 
and  the  remainder  of  the  system  is  left  to  supply  the  power. 

In  many  systems  the  transmission  and  distribution  is  sub- 
divided so  that  a  disturbance  on  one  part  is  spread  over  the 
whole  system,  and  occasionally  certain  customers  to  whom  power 
is  wholesaled  are  the  source  of  so  many  interruptions  that  they 
are  given  a  separate  transmission  line  and  a  number  of  generat- 
ors set  apart  for  their  particular  use. 

When  a  whole  system  is  run  together  in  this  way,  one  of 
the  first  actions  in  case  of  trouble  is  to  subdivide  it  so  far  as 
possible,  in  case  the  system  is  not  arranged  so  that  the  automatic 
switches  of  themselves  cut  out  the  disturbances. 

The  necessities  of  future  large  transmission  systems  will  un- 
doubtedly be  such  that  the  automatic  operation  of  high-tension 
switches  will  be  necessary,  and  the  present  development  in  switches 
ind  protective  apparatus  promises  to  take  care  of  this  situation. 

In  order  to  prevent  the  concentration  of  excessive  amounts 
>f  power  at  points  of  disturbance,  generators  and  transformers 
ire  now  being  designed  with  high  reactance,  and  artificial  re- 
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actance  coils  are  being  used  in  generator  leads,  in  the  bus-bus 

and  in  series  with  outgoing  feeders. 

Unfortunately,  there  are  certain  phenomena   of  high  i^^ 
quency,  but  without  excessive  potential,  which  need  additkni! 
means  of  protection.     Careful  investigations  have  indicated  thu 
such  surges  as  are  set  up  by  arcing  grounds,  etc.,  discharge  into 
the  transformers  where  they  may  cause  resonance  resulting  in 
internal  disturbances  which  have  hereto  been   unknown.    One 
of  the  greatest  sources  of  disturbance  is  still  the  influence  oi 
lightning  discharges  on  the  transmission  line,  and  while  a  great 
deal  has  been  done  to  reduce  its  effects  on  insulators  and  on 
apparatus  in  the  stations,  some  interruptions  are  still  to  be  traced 
to  this  cause.     By  the  use  of  overhead  ground  wires,  of  protect- 
ing rings  over  the  insulators,  of .  arcing  rods  at  the  end  of  the 
suspension  insulator,  and  shields  in  various  forms  on  the  inso- 
lators  themeslves,  the  destructive  effects  of  the  discharges  have 
been  largely  decreased. 

The  electrolytic  lightning  arrester  has  reached  a  stage  of  <k- 
velopment  where  it  is  a  nearly  complete  protection  against  high- 
voltage  disturbances.  It  requires,  however,  very  good  care,  and 
the  charging  should  be  done  as  the  conditions  require,  or  the 
value  of  the  arrester  may  be  seriously  reduced. 

Several  causes  of  destruction  of  electrolytic  lig^htning  ar- 
resters have  occurred  due  to  bad  regulation  of  the  lines.  In  one 
case  the  arresters  were  subjected  to  175  per  cent  of  normal  po- 
tential with  considerable  generator  capacity  back  of  it.  This 
turns  an  arrester  to  functioning  as  a  rheostat.  An  arrester  de> 
signed  to  give  a  high  current  discharge  at  abnormal  potentials 
evidently  cannot  last  long  if  it  is  made  to  take  power  from  a  large 
generator,  the  energy  in  a  lightning  stroke  or  surge  being  com- 
paratively small. 

It  has  happened  frequently  that  an  altuninum  arrester,  put 
under  a  severe  discharge  for  a  long  period,  has  shown  no  signs 
of  failure  or  distress.  The  next  day,  however,  when  this  ar- 
rester was  being  charged,  a  great  tendency  to  damage  by  the 
dynamic  current  was  apparent.  This  is  due  to  the  fact  that 
after  the  arrester  has  been  in  operation  for  a  considerable  period 
as  the  result  of  an  arcing  ground,  the  electrolyte  becomes  unu- 
sually heated,  and  the  films  are  dissolved  with  greater  rapidity 
as  the  temperature  of  the  electrolyte  rises.     If  all  users  would 
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take  the  precaution  of  charging  their  arresters  frequently  during 
the  time  that  the  electrolyte  is  cooling  down,  the  films  could  be 
maintained  in  good  condition  without  the  destructive  currents 
which  take  place  after  the  films  have  stood  for  several  hours 
in  the  warm  electrolyte.  It  is  one  of  the  strong  factors  in 
deciding  on  the  genefal  adoption  of  the  charging  resistance. 

The  causes  of  interruptions  due  to  transmission  line  troubles 
may  be  divided  into  three  classes,  viz.,  mechanical  failure,  mechan- 
ical failure  following  electrical  disturbances,  and  wilful  damage. 

Mechanical  failure  is  due  fundamentally  to  insufficient 
strength  in  some  part  of  the  construction.  It  may  be  caused, 
however,  by  accidents  which  would  not  have  been  foreseen,  such 
as  landslides,  severe  floods,  exceptionally  heavy  deposits  of  ice 
on  wires,  either  alone  or  accompanied  by  very  heavy  winds. 
Ordinary  climatic  conditions  may,  of  course,  cause  interruptions 
if  sufficient  care  has  not  been  given  to  the  engineering  of  the  line 
or  faulty  material  has  slipped  past  the  inspector. 

The  following  observations  as  regards  the  formation  of  ice 
are  the  result  of  an  exhaustive  inquiry: 

Ice  forms  with  equal  ease  on  dead  or  live  wires  up  to  an 
operating  voltage  of  200,000,  above  which  no  reliable  information 
is  available.  This  statement  is  made  on  the  supposition  that  there 
is  not  sufficient  current  flowing  through  the  conductors  to  warm 
them.  The  largest  ice  deposit  recorded  was  one  of  five  pound 
weight  per  foot  length  on  a  No.  4  B.  &  S.  wire. 

Ice  clings  with  considerable  tenacity  to  the  line.  For  ex- 
ample, the  line  may  fall  to  the  ground  and  the  ice  still  remain 
attached. 

The  ice  coat  may  form  in  a  circular  or  oval-shaped  section 
and  with  the  wire  either  in  the  center  of  the  deposit  or  consider- 
ably displaced  therefrom,  depending  on  weather  conditions.  The 
oval-shaped  formation  where  it  occurs  with  longer  axis  vertical 
will  give  a  greater  wind  area  than  that  usually  allowed  for  in 
calculations. 

The  ice  may  drop  off  from  all  the  wires  on  one  span  and 
remain  on  those  of  the  next  span,  thus  giving  an  unbalanced 
pull  on  the  towers.  This  may  occur  in  adjacent  long  and  short 
soans  where  certain  wind  conditions  cause  surging  in  the  long 
span. 

The  ice  may  drop  off  from  part  of  the  wires  in  alternate 
Spans,  which  will  cause  the  loaded  wires  in  the  middle  span  to 
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sag  excessively,  in  which  case  they  may  come  into  contact  with 
the  wires  below,  causing  a  short-circuit.  For  this  reason  it 
is  now  considered  better  practise  not  to  install  the  conductors 
in  a  vertical  plan,  below  one  another;  and  in  new  lines  the  middk 
cross-arm  is  generally  made  longer  than  the  two  others- 

An  aluminum  line  will  collect  as  much  sleet  as  the  co|^ 
or  steel  line.  This,  though  contrary  to  reports  of  some  observers, 
is  well  confirmed  and  seems  to  show  that  the  nature  of  the  wire 
is  of  no  importance  in  this  regard. 

It  is  quite  possible  for  sleet  to  collect  at  32  deg.  fahr.,  and  for 
the  temperature  afterwards  to  drop  considerably,  so  that  calcula- 
tions made  to  determine  the  maximum  stress  on  the  wire  should 
be  based  on  a  sleet  deposit  at  the  lower  temperature.  Also,  even 
though  sleet  storms  are  not  usually  accompanied  by  high  winds, 
the  sleet  often  remains  on  the  wires  for  several  days  and  daxiog 
this  period  it  is  possible  for  the  wind  to  rise  to  a  dangerous 
velocity.  Zero  deg.  fahr.  has  been  arbitrarily  chosen  as  a  reason- 
able minimum  temperature  to  consider  in  conjunction  with  yi  in. 
of  ice  and  an  8-lb.  wind. 

An  ordinarily  well-constructed  line  need  not  suffer  from 
ice  formation.  In  fact,  there  are  but  few  cases  on  record  of  trans- 
mission lines  having  trouble  from  this  cause,  and  the  reason  for 
this  is  doubtless  that  a  conservative  allowance  is  usually  made 
in  building  lines  in  sleet  districts.  In  general,  lines  in  the  sicet 
territories  should  not  use  a  wire  smaller  than  No.  4  B.  &  S. 

Power  arcs  are  frequently  started  by  lightning  discharges 
and  result  in  burning  and  breaking  of  the  transmission  cables, 
whereupon  the  towers  are  subjected  to  unbalanced  stresses  which 
sometimes  cause  their  failure.  The  lightning  arresters  which 
are  suitable  for  the  protection  of  station  apparatus  do  not,  how- 
ever, protect  the  lines  themselves.  This  latter  problem  requires 
special  consideration,  such  as  the  use  of  ground  wires,  ardng 
rings,  etc. 

The  wire  clamps  which  have  been  a  source  of  much  trouble 
and  concern,  with  many  breaks  in  the  conductors,  have  lately 
received  an  amount  of  attention  which  is  making  their  design 
much  more  satisfactory  and  promises  to  remove  them  altogether 
as  a  source  of  trouble. 

Devices  have  been  developed  for  locating  faults  in  trans- 
mission lines,  such  as  defective  insulators.    They  must  work. 
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a  however,  under  line  potential,  but  give  very  close  indications  of. 

ti  the  trouble  even  at  distances  up  to  150  miles. 

::  In  this  connection  it  may  also  be  of  interest  to  mention  a 

li  device  used  by  one  large  distributing  company  for  detecting  insu- 
lators. Wooden  poles  and  pin-type  insulators  are  used ;  the  three 
pins  of  each  circuit  being  grounded  at  each  pole.  A  simple 
device  is  connected  in  this  ground  wire  a  few  feet  from  the  ground 
and  this  device  will  indicate  to  the  patrol  man  whether  the  insu- 
lators have  been  grounded  or  not. 

Arrangements  are  almost  always  made  with  residents  near 
the  lines  for  reporting  troubles.  It  seems  to  be  the  general 
belief  that  rewards  should  not  be  offered  for  such  services  as  a 
general  rule.  While  this  might  be  an  eminently  proper  thing 
to  do  with  some  people,  to  whom  from  $2.00  to  $5.00  may  be 
of  great  value,  with  others  in  different  circumstances  it  would 
be  just  the  wrong  thing  to  do.  In  any  case  such  services  should 
be  acknowledged  by  a  letter  of  thanks. 

The  Chairman:  Prof.  Creighton's  paper  and  Mr.  Rush- 
more's  report  are  now  open  for  discussion. 

DISCUSSION 

Mr.  D.  W.  Roper,  Chicago:  I  would  Hke  to  say  one  or 
two  things  about  the  local  effect  of  lightning,  and  on  the  fact  that 
in  order  to  secure  the  protection  of  transformers,  the  arrester 
should  be  on  the  same  pole  with  the  transformer.  We  have  all 
probably  had  frequent  cases  of  transformers  burning  out  with  a 
lightning  arrester  one  or  two  spans  only  away.  Recently,  how- 
ever, in  the  city,  we  had  a  somewhat  more  startling  case  of  that 
kind. 

We  have  in  the  southeastern  part  of  the  city  a  20,000-volt, 
25-cycle  line,  which  extends  for,  say,  two  miles  from  the  substa- 
tion underground,  and  then  as  an  overhead  line  some  six  or  eight 
miles  further.  At  the  point  where  the  overhead  line  joins  the 
underground  line,  we  have  an  aluminum  cell  lightning  arrester, 
with  a  discharge  recorder.  On  a  recent  morning  the  arrester 
was  charged  in  the  usual  manner,  and  the  charge  plainly  shows 
on  the  discharge  recorder.  That  same  evening  lightning  struck 
the  line  about  1000  feet  away  from  the  arrester.  The  pole  was 
somewhat  scarred  although  not  very  badly  shattered,  but  the 
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lightning  burned  off  all  three  wires  of  the  line,  so  it  must  bait 
been  a  fairly  sharp  discharge.  The  lightning  discharge  recorder, 
however,  failed  to  show  any  sign  whatever  of  a  discharge  through 
the  lightning  arrester ;  so  that  we  have  here  a  case  of  lightning 
which  will  jump  across  wires  three  feet  apart,  and  the  effect 
of  the  lightning  is  so  local  that  it  fails  to  show  at  all  on  an 
arrester  only  looo  feet  away.  I  think  that  is  one  of  the  roost 
startling  cases  of  the  local  effect  of  lightning  that  I  have  noticed 

Mr,  F.  B.  H.  Paine,  Buffalo :  Speaking  to  Mr.  Rushmorei 
report,  it,  as  well  as  a  good  many  other  papers  which  have  been 
presented  here,  refers  to  the  use  of  steam  auxiliaries  for  one 
purpose  and  another,  and  I  think  it  well  to  call  attention  to  the 
desirability  of  hydro-electric  plants  for  auxiliary  service.  I  ht- 
lieve  that  in  the  progress  of  our  study  for  the  economical  produc- 
tion of  current,  we  shall  find  more  and  more  situations  where 
water  power  may  very  properly  be  used  for  the  peak  load  rather 
than  for  the  base  load. 

In  using  water  power  where  water  is  limited,  where  reser- 
voir capacity  may  be  present,  but  for  a  limited  amount,  very 
cheap  hydraulic  installations  can  often  be  made,  which  will  carry 
the  top  load  in  the  most  economical  way  possible.  When  we 
realize  that  in  a  system  having  a  load-factor  of  only  about  50 
per  cent,  the  upper  10  per  cent  has  only  100  hours  use  a  year, 
and  the  upper  25  or  30  per  cent  has  probably  somewhere  about 
10  per  cent  or  not  to  exceed  80  hours  a  week,  it  should  be 
appreciated  that  any  plant  where  labor  is  reduced  for  that  extra 
amount  and  the  investment  is  kept  low,  forms  the  cheapest 
possible  supply  for  the  top  load. 

I  have  recently  become  familiar  with  several  such  proposi- 
tions where  the  hydraulic  development,  including  the  transmission 
lines  necessary  for  its  use,  can  be  installed  for  about  $70  a 
kilowatt.  The  operating  expenses  are  practically  nil,  being  sim- 
ply fixed  charges,  and  10  per  cent  will  cover  everything.  That  is 
where  the  water  is  relatively  limited.  Those  are  typical  cases 
of  the  use  of  hydraulic  plant  as  an  auxiliary  for  peak  load 
purposes. 

Mr.  Eric  A.  Lof,  Schenectady:  This  report  really  contains 
so  much  good  material  that  it  is  hard  to  know  what  part  to  dis- 
cuss. One  of  the  most  interesting  parts  of  it,  undoubtedly,  is 
that  relating  to  the  operation  of  the  high-voltage  system.    Goo- 
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siderable  trouble  has,  in  the  past,  been  experienced  by  the  break- 
ing down  of  transformers  caused  by  high-tension  switch- 
ing. Every  endeavor  is  now  made,  therefore,  to  cut  out  all 
this  high-tension  switching,  and  confine  it  to  the  low-tension 
side,  both  in  the  generator  and  in  the  substations.  In  many 
cases  it  is  almost  impossible  to  do  this,  because  if  you  are  to 
have  an  uninterrupted  service,  you  must  have  selective  action. 
In  most  cases,  however,  if  you  are  careful  in  laying  out  the 
system,  this  can  be  accomplished  just  as  readily  if  you  make 
your  low-tension  switches  automatic. 

It  is  preferable  to  parallel  all  generators  on  a  low-tension 
bus,  and  one  transformer  group  should,  if  possible,  be  installed 
with  each  outgoing  line,  making  the  transformer  and  line  one 
unit,  the  switch  on  the  high-tension  line  being  non-automatic. 

The  low-tension  bus  should  be  sectionalized  so  as  to  reduce 
the  disastrous  effects  of  a  short  circuit.  It  is  common  prac- 
tise now  to  limit  the  capacity  of  each  section  to  something 
like  50,000  kilowatts.  That  is  the  maximum  capacity  that  any 
circuit  breaker  can  safely  rupture. 

The  Chairman  :  I  will  now  ask  Prof.  Creighton  to  close 
the  discussion  on  his  paper. 

Prof.  Creighton  :  I  would  like  to  say  a  word  about 
Mr.  Rushmore's  report,  bringing  out  an  important  point  in  ref- 
erence to  protection.  We. are  all  familiar  with  the  troubles  due 
to  high  potential,  especially  from  lightning,  and  we  are  all  famil- 
iar with  the  troubles  accompanying  short  circuits,  but  there  have 
been  comparatively  few  records  made  of  high  frequencies  in 
which  there  was  no  high  potential  involved. 

The  methods  of  investigation  on  this  subject  have  been  made 
easy  by  Alexanderson's  alternator.  Mr.  Alexanderson  has  built 
an  alternator  which  will  give  a  frequency  up  to  200,000  cycles 
per  second.  By  applying  a  variable  frequency  to  transformer 
coils  it  has  been  possible  to  pick  out  the  resonant  frequency  for 
each  coil  or  each  group  of  coils.  For  example,  with  three  coils 
in  a  series  the  application  of  180.000  cycles,  no  volts  at  the  ter- 
minal of  three  coils  produces  about  6000  volts  on  the  inner  coil. 
In  that  case  the  natural  location  of  the  arrester  would  be  at  the 
position  of  100  volts  at  the  terminal.  Damage  was  done  inter- 
nally to  the  middle  coil  but  the  damage  was  due  to  the  frequency, 
not  to  the  potential.     In  resume  three  factors  are  to  be  taken 
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into  account,  viz.,  high  potentials,  high  currents  and  high  f^^ 
quencies.  The  high  frequencies  niay  be  independent  of  dai^- 
ously  high  potentials. 

In  the  matter  of  grounds,  I  agree  entirely  with  the  plan 
that  connection  should  be  made  to  the  water  pipe  mains.  The 
emphasis  I  want  to  lay  on  the  subject  at  the  present  time  is 
as  between  the  use  of  pipe  grounds  and  buried  plates.  In  other 
words,  the  buried  plates  are  no  better  than  pipe  grounds,  and 
they  cost  a  great  deal  more.  It  is  entirely  a  matter  of  relative 
area  exposed  to  the  earth,  and  a  certain  d^ree  of  moisture  in 
contact  with  that  area. 

The  experience  that  Mr.  Roper  cited  of  a  concentration  of 
lightning  is  one  of  the  most  definite  and  accurate  that  has  come 
to  my  attention.  It  is  not  a  question  of  protective  value  of  the 
arrester  in  this  case,  but  simply  a  matter  of  having  enough  poten- 
tial at  the  arrester  to  jump  a  gap  that  was  set  only  25  per  cent 
above  the  line  potential.  In  relative  dimensions  we  have  the  fact 
that  the  lightning  jumped  about  three  feet  between  wires  and 
yet  1000  feet  away  from  that  point  it  was  impossible  to  get 
enough  potential  to  jump  a  quarter  of  an  inch.  If  the  potential 
had  jumped  across  the  gap  of  a  quarter  of  an  inch  it  would  have 
been  registered  on  the  recorder. 

Mr.  Rushmore:  These  coming  big  power  transmission  s^'s- 
tems  are  going  to  be  high-voltage  distributing  systems,  and 
right  here  around  Chicago,  the  State  of  Illinois  is  very  likely  to 
be  covered  in  the  near  future  with  a  high-voltage  distribution 
system  of  something  over  100,000  volts,  distributing  over  long 
and  complicated  systems.  This  will  call  for  the  very  rapid 
development  of  new  apparatus  and  it  is  in  the  development 
of  this  apparatus  that  the  manufacturing  companies  appre- 
ciate so  much  the  assistance  which  they  get  from  the  oper- 
ators, because  it  is  only  through  such  joint  work,  through  such 
very  hearty  co-operation,  that  satisfactory  apparatus  is  to  be  had. 

The  Chairman  :  We  will  now  take  u])  the  next  paper,  which 
is  entitled,  "Factors  Producing  Reliability  in  the  Suspension 
Insulator,"  by  Mr.  A.  O.  Austin,  of  the  Ohio  Brass  Company, 
New  York  Citv. 


FACTORS  PRODUCING  RELIABILITY  IN  THE 

SUSPENSION  INSULATOR 

The  standard  of  reliability  in  most  engineering  work  is  based 
on  the  factor  of  safety  provided  to  meet  operating  conditions. 
Where  the  hazard  is  great,  due  to  uncertainty  of  conditions  or 
lack  of  uniformity  in  material,  it  is  customary  to  increase  the 
factor  of  safety  accordingly.  In  view  of  this  and  the  very  uncer- 
tain operating  conditions  imposed  on  the  insulators,  together  with 
the  physical  properties  of  the  dielectric,  one  would  be  led  to  expect 
a  large  factor  of  safety  in  the  insulator.  Investigation,  however, 
shows  quite  the  contrary  to  be  the  case,  for  so  low  are  the  factors 
of  safety  that  a  small  increase  will  make  considerable  difference 
in  the  performance.  This,  together  with  the  enormous  invest- 
ments depending  on  the  transmission  line,  gives  even  a  small 
increase  in  reliability  high  commercial  value. 

This  is  most  apparent  in  the  case  of  dielectric  strength  where 
an  increase  of  30  per  cent  would  warrant  doubling  the  cost,  if 
by  so  doing  it  could  be  accomplished.  While  this  at  first  may 
seem  unreasonable,  the  factors  of  safety  are  so  low  that  the  relia- 
bility of  the  insulator  is  somewhat  similar  to  that  of  a  steel  spring 
working  near  its  elastic  limit  on  a  fluctuating  load.  In  the  case 
of  the  spring  a  change  in  the  amplitude  of  vibration,  causing  a 
change  in  the  maximum  stresses,  by  even  a  very  small  per  cent 
makes  a  great  difference  in  the  life  or  reliability. 

In  the  insulator  as  in  the  spring,  the  maximum  stresses  set 
up  will  have  much  to  do  with  determining  the  life  or  reliability. 
Carrying  the  comparison  still  further,  surges  with  steep  wave 
front  may  start  initial  breakdown  in  the  dielectric,  the  performance 
being  similar  to  the  spring  worked  to  a  point  where  the  elastic 
limit  is  exceeded  or  crystallization  takes  place  very  rapidly.  Under 
these  conditions  the  life  is  necessarily  very  short  if  the  severe  con- 
ditions are  maintained.  The  spring  is  effected  by  the  temper, 
and  if  too  soft  a  load  which  could  be  carried  for  a  long  time  by  a 
hard  spring  will  cause  rapid  destruction.  Just  as  we  would 
expect  a  difference  in  the  performance  of  hard  and  soft  steel,  so 
should  we  expect  a  difference  in  porcelains  where  the  composition 
may  vary  widely,  to  affect  the  maximum  electrostatic  flux  neces- 
sary to  start  appreciable  damage. 
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Since  the  mechanical  requirements  are  quite  definite  and  tba 
solution  affects  the  electrical  factors  of  safety,  it  is  well  to  cw- 
sider  these  first.  Being  free  from  bending  moments  the  tcnaoi 
insulator  has  many  advantages  over  pin  or  pedestal  type  insuh- 
tors  for  mechanical  loads.  This  was  appreciated  a  long  time  ago, 
for  if  we  go  bacl(  12  or  15  years  when  the  insulators  and  pm 
were  mechanically  weak,  we  find  many  pieces  of  tension  constnK- 
tion  similar  to  that  of  the  present  day,  a  few  fine  examples  oi 
which  are  still  in  operation. 


Fig.  I 
When  the  insulator  is  light  or  the  span  short  the  intenul 
mechanical  stresses  of  the  insulator  may  usually  be  n^lected 
with  safety.  The  present  tendency,  however,  toward  long  spans 
and  large  sizes  of  conductor  produces  high  working  loads  settinf; 
up  stresses  which,  combined  with  internal  stresses,  may  so  lower 
the  factor  of  safety  that  destruction  of  the  dielectric  is  only  a 
matter  nf  time. 
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For  the  porcdain  insulator  it  is  necessary  to  consider  the 
stresses  set  up  by  the  working  loads,  those  due  to  difference  in 
the  coefficients  of  expansion  of  porcelain  and  metal  and  the 
stresses  set  up  by  the  cement  or  oxidation  of  the  metal.  For  glass 
we  have  in  addition  the  very  uncertain  internal  stresses  due  to 
uneven  shrinkage  in  cooling. 

A  brief  analysis  of  the  stresses  in  Fig.  i  will  show  that  these 
are  of  importance  and  should  be  considered  in  the  mechanics  of 
the  transmission  line. 

For  Fig.  I  the  following  notation  will  be  used : 

Aj  =  1.78  sq.  in.  cross  sectional  area  iron  or  metal 

Ap=  2.9     "     "       "  "  "    porcelain 

Ei  =  20,000,000  modulus  of  elasticity  for  iron 

Ep  =     2,500,000        **  "         "  **    porcelain 

Xj   =  .00001175  temp.  coef.  of  linear  expansion  for  i  deg.  c. 

for  iron 

Ap  =  .00000585  temp.  coef.  of  linear  expansion  for  i  deg.  c. 

for  porcelain 

L  =  elongation  in  unit  length  of  porcelain  due  to  greater 
temp.  coef.  of  steel. 

The  stress  developed  in  the  porcelain  due  to  change  in  the 
temperature  is  equal  and  opposite  to  that  in  the  steel,  hence,  the 
following  equation: 

Ap  L  Ep  =  [(Xi  -(Xp  +L)]  Ai  Ei       (i) 

Simplifying  we  obtain : 

or  substituting  values  for  Fig.  i,  L  =  .0000046.  (3) 

The  stress  per  unit  area  in  the  porcelain  will  be  L  E  — 
.0000046  X  2,500,000  =11.5  lb.  per  sq.  in.  for  i  deg.  c.  or  tor  a 
40  deg.  c.  change  in  temperature  from  that  of  assembling  gives  an 
initial  stress  of  460  lb.  per  sq.  in.,  which  without  any  other  load 
leaves  a  factor  of  safety  of  only  5.4.  Fortunately  stresses  of  this 
magnitude  are  seldom  developed,  but  are  such  that  on  hot  days 
damage  caused  at  a  previous  time  from  static  puncture,  the 
stretching  of  pin  under  heavy  loads  in  cold  weather  or  mechanical 
flaws,  may  be  shown  up.  If  the  surface  resistance  is  too  low  on 
strain  insulators,  heat  may  be  gen^r^ted  which  would  have  the 
same  effect. 
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Most  commercial  types  depend  on  a  shearing  area  of  cement 
for  their  mechanical  strength.  As  the  shearing  strength  oi 
cement  may  be  2000  lb.  per  sq.  in.,  and  the  tensile  and  shearing 
strength  of  porcelain  is  only  approximately  25  per  cent  higber, 
the  possible  stresses  developed  in  the  porcelain  before  failure  of 
the  cement  must  be  provided  for.  This  is  no  easy  problem,  for 
the  best  theoretical  solutions  must  be  modified  to  meet  electrical 
requirements  or  those  of  cost. 

The  inspection  of  Fig.  i  shows  that  the  maximum  stress  dtic 
to  load  is  at  section  P,  in  the  pin,  while  that  in  the  cap  is  at  Q 
or  at  the  other  end  of  the  head,  making  the  distribution  of  stress 
very  uneven  in  the  porcelain. 

The  method  of  treating  the  mechanical  stresses  in  the  head 
may  be  varied  to  meet  these  conditions,  it  being  possible  to  esti- 
mate maximum  stresses  to  a  fine  degree  of  accuracy  in  some 
types,  while  the  problem  is  very  difficult  and  the  result  uncertain 
in  others.  In  the  following  example  it  is  wished  only  to  call 
attention  to  possible  difference  in  real  and  apparent  factors  of 
safety  and  their  possible  effect  on  the  reliability  of  the  insulator, 
particularly  where  the  stresses  are  high. 

Where  the  area  of  metal  in  the  cap  is  large  compared  with 
that  of  the  pin,  nearly  all  the  stretch  or  deformation  will  take 
place  in  the  pin,  so  for  simplicity  the  stretch  in  the  cap  may  be 
neglected  in  the  following.  There  are  many  commercial  designs 
in  which  no  use  is  made  of  this  stretch  in  the  cap,  in  which  cases 
the  following  solution  comes  very  close  to  representing  the  con- 
ditions. 

In  Fig.  I  the  shearing  area  is  quite  large  compared  with  the 
pin,  hence  a  high  fiber  stress  with  large  resultant  elongation  may 
be  produced.  Since  the  elongation  of  the  pin  may  be  large  owing 
to  small  area  and  comparatively  great  length,  the  stress  will  drop 
rapidly  between  successive  sections  of  the  pin  as  we  go  from  P, 
to  P4.  Up  to  the  time  the  metal  flanges  begin  to  bend,  compara- 
tively little  stress  is  carried  in  Pj  and  still  less  in  P,,  hence  we 
may  nep^lect  that  in  P3  without  serious  error. 

If  we  let  Ap  =  6  sq.  in.  average  arc  of  porcelain  strut 
effected  by  compression  load 

Aj  =   .306  sq,  in.  area  of  metal  pin  at  Pj  and    Pg 
Tp   =    fi   in.)  leng^th  of  porcelain  strut 
M    =   (.55   i")  length  of  section   P2 
T2  =   load  carried   by  flange  P2 
Ti  =  load  carried  by  flange  Pj, 
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in  order  to  develop  the  stress  T^  the  flange  must  be  given  a  deflec- 
tion Xj,  or  if  we  assume  X,  it  follows  that 

T2  ip 


X2  = 


Ap  Ep 


In  applying  Tj  section  Pj  is  elongated  by  an  amount 

liMi 


'^2  =    (    ATM^i  ) 


which  must  be  added  to  Xj  or  the  deflection  of  the  upper  flange 
to  obtain  that  of  the  lower  Xj,  hence, 


Xi  =  X2  +  Tj 


V    Ai  Mi  7 


Since  the  stress  must  be  proportional  to  the  distortion 

JTi      ^    _Xi_ 

T2  X2 

Substituting  for  Xj  and  X, 


T2 


-  ^2  +  T2  [-xTMr)  -1  +  -  ~/_ip2\       ^'p ^'  ^'^ 

"    X2  ~  '^'UpMpj 

and  applying  values  gives 

Ti 

-^       =    2.35 

^2 

but  the  total  load  on  the  pin  must  be  the  sum  of  that  carried  by 
the  flangers  or 

Ti  +  T,  =  3.3s  T,  =  L 

or  where  L  is  the  working  load  on  the  insulator  the  load  carried 
by  Tj  is 

2.35 
L  =  .70  L 

3-35 

Where  the  flange  is  stiflf  a  very  high  stress  is  then  set  up  in  the 
porcelain  adjacent  to  the  lower  flange.  Test  shows  that  owing 
to  uneven  distribution  of  stress,  the  average  shear  is  approxi- 
mately 1400  lb.  per  sq.  in.  for  the  given  example.  Using  the 
value  and  an  area  of  2.75  su^.  in.  we  find  that  a  load  L  of  5500 
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lb.  produces  a  shear  of  at  least  2000  lb.  per  sq.  in.  in  the  ponx- 
lain  or  develops  an  ultimate  shearing  strength  in  the  cemem. 
Now  if  the  flange  distorts  before  this  load  is  reached,  the  secood 
flange  carries  more  and  a  greater  ultimate  may  be  placed  on  the 
insulator.  This  method,  however,  is  poor  as  high  stresses  may 
be  set  up  at  comparatively  low  loads. 

Curve  A,  Fig.  2,  shows  the  factor  of  safety   for  a  given 
load  based  on  the  ultimate  of  the  insulator,  and  curve  B  the  tnic 
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factor  of  safety  or  that  based  on  maximum  stress  set  up  in  cement 
or  porcelain,  which  shows  that  the  factor  of  safety  is  cut  down 
rather  early. 

These  curves  prove  that  it  is  important  to  use  as  few  strains 
or  dead  insulators  as  possible,  for  where  the  conditions  arc 
severe  a  single  insulator  may  be  a  greater  hazard  than  many 
miles  of  purely  suspension  line. 
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Insulators  of  the  better  types  have  long  been  designed  to 
meet  abnormal  conditions  of  surge  rather  than  normal  line  vok- 
age.  To  prove  this  we  have  only  to  consider  the  severe  com- 
mercial tests  and  the  comparatively  low  values  obtained  by  dose 
spacing.  Details  of  design,  about  which  more  will  be  said  later, 
also  show  this  clearly. 

The  most  severe  conditions  imposed  on  the  insulator  are  the 
surges  due  to  direct  stroke  of  lightning.  Fortunately,  these  surges 
although  of  enormous  striking  power,  owing  to  steep  wave  front 
or  extreme  high  frequency,  are  necessarily  very  much  localized 
The  surges  due  to  arcing  grounds  and  switching  while  of  mudi 
lower  magnitude  may  affect  practically  the  whole  system,  and 
the  total  damage  may  be  far  more  than  in  the  case  of  lightning. 
Lightning  may  cause  an  insulator  to  spill,  doing  little  damage  in 
itself,  but  the  disturbance  due  to  power  arc  and  switching  may 
be  serious. 

If  the  surge  is  of  sufficient  magnitude  the  insulator  may  fail 
by  puncturing,  flashing  over -the  surface  (Fig,  3),  or  through  the 
air  (Fig.  4).  Failure  by  puncture  means  a  shut-down,  and  arc- 
ing over  the  surface  may  be  equally  serious,  due  to  damage  from 
the  power  arc,  while  failure  of  the  air  means  only  momentary 
interruption  at  the  utmost. 

FACTORS  GOVERNING  PUNCTURE 

In  the  suspension  insulator  or  any  other  type,  the  probable 
failure  of  a  part  will  depend  upon  its  dielectric  strength  and  the 
stress  thrown  upon  it.  The  dielectric  strength  will  depend  on 
the  specific  dielectric  strength  of  the  dielectric  and  the  geometric 
relations  of  the  two  surfaces.  Prof.  Harris  J.  Ryan  gave  much 
practical  information  on  this  subject  over  10  years  ago,  which 
has  proved  invaluable  in  attempting  to  increase  the  dielectric 
strength  of  insulators. 

Fig.  5  shows  the  effect  of  the  geometrical  relations  in  pro- 
ducing dielectric  strength,  based  on  the  maximum  stress  set  up. 
The  hi^h  efficiency  suspension  insulator  as  originallv  designed 
had  a  dielectric  strength  of  135  kilovolts  for  a  specific  dielectric 
strength  of  250  kilovolts  per  inch.     At  90  kilovolts  the  maximum 

90 
stress  set  np  in  llio  dielectric  is  X  250  kilovolts  =   1664 

>35 


kilovolts  per  inch.     This  gives  an  average  factor  of  safety  of 

-gi"     =    1-5  for  flashing  voltage  at  normal  frequency.     Snap 

judgment  says,  increase  this  factor.  This  can  be  done  at  the 
expense  of  mechanical  strength,  increasing  the  section  length  or 
the  diameter.    The  first  method  may  be  applied  where  the  stresses 


Fio.  s 

are  light;  the  second,  however,  not  only  increases  the  cost  but 
causes  the  unit  to  carry  more  stress  in  the  string,  defeating  its 
object.  The  third  method  means  greatly  increased  cost  and  is 
questionable  frcMn  an  engineering  point.  Limiting  the  stress  on 
(he  unit  produces  practically  the  same  result  at  less  cost. 


The  effect  of  testing  is  to  raise  the  average  dielectric  streng 
and  is  effective  in  proportion  as  it  accomplishes  this  result 
anyone  familiar  with  testing  it  is  apparent  that  there  is  a  niaiV 
difference  in  testing  at  just  below  flash-over  and  where  the  pu 
are  spilling.  In  the  latter  instance,  surges  are  «et  up  depending 


Fig.  6 

the  constants  of  the  apparatus,  and  much  more  effective  weedii 
out  is  obtained. 

Fig.  6  shows  a  puncture  curve  for  suspension  discs.  Negta 
ing  the  time  effect  it  is  apparent  that  if  we  raise  the  voltage  up 
6  per  cent  puncture,  the  minimum  dielectric  streng:th  will  be 90 Id! 
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volts,  which  is  flash-over  voltage  of  the  disc  at  normal  frequency. 
This  test  is  applied  to  unassembled  ware  and  is  practically  the 
limit  for  testing  in  quantity.  If  in  place  of  stopping  at  (a)  the 
voltage  is  raised  until  9  per  cent  have  been  weeded  out,  the 
minimum  dielectric  strength  will  be  raised  to  no  kilovolts.  It 
was  found  that  this  could  be  done  commercially  by  one  of  two 
methods,  the  following  being  in  commercial  use  since  September, 
1909,  and  known  as  the  momentary  flash-over  or  kick  test. 
Owing  to  the  recent  prominence  given  to  high-frequency  tests 
a  few  words  about  this  test  may  be  of  interest. 

Fig.  7  shows  in  diagrammatic  arrangement,  the  capacity  of 
the  conductor  as  ordinarily  used  for  the  condenser.  The  series 
gap  cuts  out  the  lower  part  of  the  wave,  and  when  it  jumps  it 
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Fig.  7 


shunts  itself,  throwing  a  sudden  stress  on  the  insulator  much 
higher  than  could  be  applied  ordinarily,  owing  to  the  time  lag 
for  the  break  down  of  the  air  and  the  absence  of  shunting  corona 
around  the  insulator.  Surges  are  also  set  up  where  the  gap  and 
insulator  spill,  the  equivalent  kilovolt  of  test  being  taken  from 
the  curve. 

Fig.  8  gives  evidence  of  the  severeness  of  this  test,  showing 
puncturing  near  the  edge  in  material  which  had  previously  been 
tested  for  10  minutes  at  flash-over  voltage. 
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reactive  drops  in  potentials  makes  it  necessary  to  provide  for 
surges  in  the  immediate  vicinity  or  preferably  in  each  insulator. 

TIME  LAG  IN  PUNCTURING 

We  have  many  examples  in  operation  that  show  conclu- 
sively that  we  gain  in  reliability  as  the  factor  of  safety  (based 
on  dielectric  strength  to  flashing  distance)  is  increased.  The 
effective  protection  of  comparatively  weak  multipart  pin  insu- 
lators under  severest  conditions  shows  that  dangerous  stresses  on 
the  parts  may  be  kept  down  by  limiting  the  air  distance  around 

whole  insulator. 

E  EFFECT  OF  SPACING  OR  SECTION  LENGTH  IN  INCREASING  THE 

FACTOR  OF  SAFETY  FOR  THE  SECTION 


Since  the  comparatively  small  factors  of  safety  in  a  unit  or 

m  could  not  possibly  produce  a  high  enough  degree  of  relia- 

Sty  to  withstand  the  piling  up  of  stress  under  surge,  it  is  neces- 

to  increase  this  factor  of  safety  by  adding  more  units.     It 

is  apparent  that  nothing  will  be  gained  for  flash-over  stresses  if 

the  flash-over  of  the  string  is  n  times  that  of  a  section. 

If  the  section  length  is  too  long  for  the  flash-over  the  sec- 
tion having  maximum  stress  spills,  and  the  insulator  fails  by 
cascade  action,  as  in  Fig.  3.  If,  however,  the  design  is  such  that 
the  flash^ver  of  the  unit  is  comparatively  high  compared  with 
its  length,  the  protecting  air  path  around  the  complete  insulator 
breaks  down  before  we  reach  flash-over  in  the  unit,  as  in  Fig.  4. 
If  we  take  an  insulator  of  this  type  (one  having  a  free  arcing 
characteristic)  and  still  further  shorten  the  section  length,  the 
flashing  voltage  will  be  less  for  the  entire  insulator  and  the 
maximum  stress  on  any  unit  reduced  by  approximately  the  same 
f,  amount,  or,  we  may  safely  say,  the  factor  of  safety  is  increased 
[hy  bunching. 

Insulators  which  are  similar  but  with  different  section  lengths 
have  approximately  the  same  relative  stress  distribution  for  the 
same  number  of  units  in  the  series.  Hence  the  following  method 
is  of  unquestioned  value  in  comparing  factors  of  safety. 

The  tested  factor  of  safety  is  found  by  dividing  the  product 
obtained  by  multiplyinj^^  the  total  tested  strength  of  the  units  in 
the  string  by  the  flash-over  of  the  string :  when  N  =  number  of 
sections  in  string,  T  =  flash -over  of  section,  A  =  arcing  voltage 
for  string.    Then  the  factor  of  safety  gained  by  placing  the  sec- 


for  sections  m  string. 


Fig.  9 

It  was  seen  that  ihc  tested  factor  of  safety  for  the  sect) 

could  be  raised  bv  the  surerc  tt'st  to  ==  1,22,    Then  in  on 

tci  gtt  the  average  tested  factors  of  safety,  the  values  in  Fi| 
Ehoul<]  be  multiplied  by  this  quantity  to  d)tain  C^  ■ 
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Fig.  9  shows  the  comparison  of  four  different  high-efficiency 
insulators,  three  of  which  have  been  in  operation  for  some  time. 
>^hile  these  curves  show  the  general  tendency  of  an  increase  in 
^he  factor  of  safety  with  an  increase  in  the  number  of  units,  poorer 
stress  distribution  for  surge  in  the  long  string  partly  offsets  this. 

The  tendency  of  the  factor  of  safety  to  increase  with  the 
number  of  units  is  important,  as  shown  by  the  curve  in  Fig.  9. 
XJnfortunately  the  term  "string  efficiency"  is  sometimes  applied  to 
^e  reciprocal  of  C^.  This  is  very  misleading,  for  a  poorly 
<lesigned  insulator  failing  by  cascade  action,  and  a  dielectrically 
strong  insulator,  may  have  the  same  values  for  efficiency  on  this 
l>asis. 

Stringing  the  insulators  out  to  give  high  flash-over  values 
for  a  given  number  of  units  has  misleading  commercial  advan- 
tages, for  the  resulting  insulator  is  deficient  in  dielectric  strength. 

DISTRIBUTION  OF  STRESS  IN  THE  SERIES 

The  stress  varies  throughout  the  series  and  by  making  use 
of  the  position  of  the  conductor,  the  distribution  of  stress  can  be 
^^reatly  improved  for  the  end  sections.  Only  too  often  is  this 
overlooked  with  resulting  increased  damage  to  the  lower  section 
by  overstress  or  power  arc. 

Fig.  10  shows  an  effective  means  of  producing  stress  dis- 
tribution by  using  horns  to  control  the  electrostatic  flux  in  the 
series.  The  shape  and  number  of  horns  may  be  changed  giving 
practically  any  gradient,  which  with  short  striking  distances  gives 
high  factors  of  safety. 

A  device  of  this  kind  is  much  better  than  condenser  plates 
at  top  or  bottom  of  the  string  or  at  the  units,  for  the  clearance 
to  the  tower  need  not  be  cut  down  and  the  insulator  is  open  for 
inspection  and  clearing  of  the  rain.  It  must  also  be  remembered 
that  a  good  stress  distribution  at  normal  frequency  may  not  hold 
under  the  severest  surges,  and  an  increased  capacity  of  the  string 
behind  the  unit  may  only  permit  the  surge  to  strike  a  harder  blow. 
Not  only  can  the  gradient  be  controlled  by  the  shape  and  number 
of  horns,  but  protecting  air  paths  may  be  provided  for  any  unit 
or  the  whole  string,  as  shown  in  Fig.  10. 

Porcelain,  like  air,  will  withstand  an  enormous  stress  applied 
for  an  extremely  short  time.  If,  then,  the  time  lag  of  the  protect- 
ing air  path  can  be  shortened,  added  protection  will  be  acquired. 
Fig.  II  shows  one  method  of  doing  tfiis  and  Fig.  12  another. 


the  string  of  over  1.7  as  against  1.3  and  1.38  less  than  two  yon 
ago.  The  multiple  insulator,  Fig.  12,  used  for  heavy  suspcnsigi 
and  dead  ends  has  a  factor  of  safety  on  the  same  basis  of  2.37. 

It  is  only  natural  that  insulators  should  be  purchased  oa  1 
weight  and  size  basis,  and  at  first  it  was  necessary  to  raise  Ae 
rating  at  the  expense  of  factors  of  safety  in  order  to  comnKr- 
cialize  the  small  efficient  types.  In  the  future,  the  demand  ftx 
greater  reliability  in  order  to  protect  the  large  investments  d^ 
pendent  on  the  transmission  line  will  make  it  possible  to  Mk 
commercialize  effective  factors  of  safety  with  resultant  imp^01^ 
ment  in  the  insulator.  It  must  be  borne  in  mind  that  the  reliahilitf 
of  the  insulator  depends  not  only  on  its  inherent  properties  te 
also  upon  the  imposed  conditions,  the  mechanics  of  the  line  being, 
therefore,  very  important. 


TABLE.  SHOWING  A  COMPARISON  OF  THE  DIFFERENT 

INSULATORS 


(Illustrated) 


Figures 

3 

4 

10 

II 
12 


Flash-over  in 

ktlovolts  for 

section 

67 
90 
67 
90 
90 


Flasb-overin 

kiloTolts  for 

striniir 

400 
388 

233 
375 
310 


Factor  of 
safetjr  in 
striaff.  T 

I. 
1.63 

1.73 
1.68 

2.33 


Small 
Insulator 


Arced   80      kilovolts 

Surface  distance 854  in. 

Shortest  striking  distance 6K  in. 

Weight    4      lb. 


Large 
Insulator 

75        kilOTOhl 

1954  in. 

14      in. 

BH  lb. 


DISCUSSION 

Prof.  Creighton  :  I  am  glad  to  know  that  Mr.  Austin  has 
made  tests  with  high  frequency.  The  first  problem  with  insu- 
lators is  no  doubt  in  the  manufacture,  to  keep  out  faults  in  the 
actual  firing.  There  is  also  the  factor  of  dimensions  that  comes 
in.  After  these  points  have  been  passed,  however,  the  interest  in 
the  insulator  is  the  same  with  all  of  us ;  that  is,  will  it  stand  up. 
It  is  a  rather  significant  thing  that  insulators  have  been  tested 
for  months  on  60  cycles  and  they  have  never  been  strained  on 
60  cycles  or  generator  frequency.    The  only  strain  that  comes 
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'  cm  an  insulator  is  high   frequency.     High   frequency  has  an 
3  effect  on  the  sparking  of  the  insulator  entirely  different  from  low 

*  frequency.     If  we  get  an  insulator  with  three  skirts  and  subject 
■  it  to  a  6o-.cycle  strain,  the  arc  will  usually  go  around  the  upper 

•  skirt  and  jump  to  the  pin.     If  the  frequency  is  gradually  in- 
creased, that  surface  spark  which  runs  over  the  top  skirt  will 

!  gradually  creep  under  each  one  of  the  other  skirts,  until  when 
:  you  arrive  at  a  frequency  of  about  100,000  cycles  per  second, 
instead  of  having  a  flash  from  the  upper  terminal  to  the  pin, 
the  circuit  will  follow  every  one  of  the  surfaces,  and  even  hm  up 
and  down  the  main  petticoat.  By  going  high  enough  in  fre- 
quency the  circuit  will  follow  even  the  little  petticoats.  The 
high  frequency  runs  over  the  entire  surface  and  in  that  way 
finds  any  imperfection  in  the  porcelain.  I  should  like  to  have 
Mr.  Austin's  opinion  on  a  proper  high-frequency  test,  whether 
it  should  be  a  sudden  disrupted  discharge  or  a  discharge  by  an 
oscillating  circuit. 

Mr.  L.  C.  Nicholson,  Buffalo :  Mr.  Chairman,  in  regard  to 
Mr.  Austin's  paper,  I  read  it  carefully  enough  to  get  the  meat 
out  of  it,  and  I  gather  that  the  factor  of  safety  which  he  has 
tried  for  is  obtained  by  placing  discs  as  close  together  as  may 
be,  so 'as  to  cause  as  much  thickness  of  porcelain  to  come 
between  the  electrodes  as  possible  for  a  given  spacing  between 
electrodes.  In  other  words  it  practically  refers  to  the  connec- 
tion between  the  dielectric  and  flash-overs  between  the  terminals. 
That  may  be  arranged  in  two  ways,  by  placing  the  discs  close 
together,  and  using  a  large  number  of  them,  or  placing  them  a 
normal  distance  apart  and  using  auxiliary  electrodes,  which 
would  decrease  the  flash  bolts. 

Some  years  ago  I  advocated  before  the  American  Institute 
of  Electrical  Engineers  one  of  those  methods  of  increasing  the 
factor  of  safety,  by  reducing  the  flash-over  distance  and  by  caus- 
ing the  flash-over  path  to  be  a  straight  line  instead  of  an  indirect 
curve  around  the  edges.  I  am  glad  to  see  that  Mr.  Austin 
inclines  to  the  same  opinion. 

In  the  last  part  of  the  paper  considerable  is  said  about  the 
effect  of  mechanical  stress  on  the  electrical  value  of  insulators, 
although  I  can  not  say  whether  he  follows  that  to  a  conclusion 
or  not.  It  so  happens  that  in  the  last  few  weeks  I  have  had 
in    charge    considerable    work    in    the    way    of    simpU<^n^ng 


and  separate  mechanical  and  electrical  tests  on  suspension  insB- 
lators,  in  order  to  find  out  if  the  insulator  is  as  strong  dec- 
trically  under  simultaneous  mechanical  pull  as  it  is  when  tested 
fully  without  loads,  and  furthermore  to  find  out  what  causes  the 
difference,  if  any  exists.  I  have  not  been  able  to  draw  tixae 
tests  to  a  conclusion  as  yet,  but  in  a  general  way  I  find  that  inn- 
lators  made  for  a  minimum  of  8000  pounds  mechanically  wi 
begin  to  puncture  at  5000  pounds  and  flash  over  on  25  cycles.  At 
first  they  have  a  dry  flash-over  at  5000  pounds  load.  A  very 
marked  loss  will  occur  at  6000  pounds  load,  and  they  will  al 
be  down,  of  course,  before  they  fail  mechanically. 

To  see  whether  or  not  the  combined  stresses,  mechanical 
and  electrical,  cause  the  premature  puncturing  of  an  insulator, 
I  carried  out  some  tests  in  which  the  insulators  were  first  sub- 
jected to  a  mechanical  load  of  5000  pounds,  and  then,  with  the 
load  off,  tested  to  a  dry  flash-over;  and  then  again  with  6000 
pounds  and  on  up.  I  found  exactly  the  same  percentage  of 
failure,  that  is  within  the  limits  of  the  test,  as  during  a  mechanical 
strain.  That  seems  to  indicate  that  the  effect  was  purely  mecha- 
nical, and  was  not  a  combination  of  electrical  stress  and 
mechanical  stress. 

However,  there  is  one  particular  point  about  that  whidi 
may  seem  to  indicate  the  contrary.  Immediately  upon  the  appli- 
cation of  the  dry  flash-over,  a  disc  that  passed  a  test  of  5000 
pounds  later  on  was  tested  with  a  flash-over  at  6000  pounds,  and 
then  tested  with  a  flash-over  in  5,  10  and  15  seconds,  and  it  wouM 
puncture.  If  the  porcelain  had  been  ruptured  you  would  naturaDj 
suppose  that  it  would  not  have  held  the  voltage  at  all.  Putting 
those  things  toj^^ether,  molecular  strain  is  indicated,  and  the  sub- 
ject needs  considerable  study. 

Mr.  AusriN  :  Rei^arding^  the  severity  of  tests  placed  on  insn- 
lators,  it  is  sometimes  a  difficult  matter  to  decide  whether  a  test  is 
too  severe,  and  the  reliability  of  the  insulator  will  be  lowered 
instead  of  increased  by  ovcrtesting.  In  general,  the  ratio  of 
dielectric  stren^h  to  flash -over  voltage  is  high  enough  to  permit 
the  material  bcintr  tested  to  flash-over  voltage.  The  best  mate- 
rial has  a  well-dertned  knee  in  the  dielectric  curve  (see  Fig.  6). 
and  volta|;es  ])elf>w  the  kn(^e  of  the  curve  weed  out  faults,  while 
voltages  above  may  destroy  good  material.  Faults  and  inter- 
nal stress  in  the  insulator  tend,  in  time,  to  cause  failure,  and, 


high  electrical  testing  tends  to  eliminate  this  material,  it  is 
important  that  the  tests  be  as  high  as  is  consistent  with  the 
dielectric  curve. 

High  mechanical  testing  tends  to  break  down  the  molecular 
structure,  and  this  may  show  up,  in  time,  imder  the  stresses  pro- 
duced by  load  and  the  expansion  due  to  fluctuating  temperatures. 
While  lack  of  vitrification  permits  the  passage  of  destructive 
current  at  comparatively  low  voltages,  it  has  little  effect  on 
mechanical  strength.  Mechanical  tests  tend  to  open  up  defects, 
and,  as  a  removal  of  the  load  may  tend  to  close  them,  it  has 
been  customary,  on  certain  large  types,  to  test  under  combined 
mechanical  and  electrical  stress.  Care  should  be  taken  that  the 
mechanical  loads  are  not  too  high,  otherwise  the  insulators  will 
be  poorer  after  test  than  before. 

A  high  mechanical  load  will  lower  the  dielectric  strength 
of  some  insulators  over  50  per  cent,  while  no  appreciable  eflFect 
can  be  seen  on  other  types.  Oscillatory  discharges,  setting  up 
high  maximum  stresses,  tend  to  affect  insulators  under  mecha- 
nical stress  much  more  than  under  electrical  stress  at  normal 
frequency.  This,  as  well  as  the  effect  of  time,  should  be  given 
careful  consideration  in  making  combined  tests,  particularly  if 
the  voltage  is  at,  or  above,  the  knee  of  the  curve.  This  may 
easily  occur,  due  to  lack  of  vitrification,  or  material  of  low  specific 
dielectric  strength. 

The  Chairman  :  When  the  program  of  the  Hydro-Electric 
and  Transmission  Section  was  being  made  up,  we  all  felt  that 
a  description  of  our  newest  and  largest  hydraulic  plant  would 
be  of  great  interest.  In  the  building  of  such  a  plant  as  that, 
some  one  man  and  his  efforts  usually  stand  out  very  prominently. 
We  were  extremely  fortunate  in  our  search  for  the  right  man  to 
describe  this  plant,  and  I  know  you  will  all  enjoy  with  me  hearing 
Mr.  Hugh  L.  Cooper  on  The  System  of  the  Mississippi  River 
Power  Co. 

Mr.  Hugh  L.  Cooper,  Keokuk,  Iowa:  Gentlemen  of  the 
Association:  When  I  received  my  invitation  to  come  here  I 
wondered  why  I  was  invited  to  a  place  where  men  were  sup- 
posed to  be  discussing  electricity  and  practically  that  only.  I 
have  promised  the  Chairman  that  my  remarks  shall  be  cut  down 
to  the  irreducible  minimum,  as  the  pictures  are  much  more  interest- 
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ing  than  anything  I  could  say,  but  before  I  show  them,  I  mA 
to  tell  you  a  short  story  while  my  knees  are  synchronizing  (langb- 
ter). 

When  a  hydraulic  engineer  starts  to  speak  on  an  occaskx 
of  this  kind,  and  gets  to  talking  about  so  many  thousand  or 
hundred  thousand  yards  of  concrete,  and  so  many  million  cubic 
feet  of  water,  and  what-not,  he  is  very  likely  to  be  accused  ot 
bragging.  There  is  no  trait  of  human  character  that  I  think 
more  despicable  than  bragging  about  what  one  has  done  or  is 
going  to  do,  and  if  I  ever  had  any  tendency  to  brag,  I  got  it  aD 
cured  in  one  day  on  a  ship.  It  occurred  in  this  way.  I  was 
crossing  the  Atlantic,  and  one  day,  while  sitting  on  the  bad 
stoop  of  one  of  the  decks  of  the  ship,  a  fellow  came  aknig 
with  a  nice  appearance  and  great  deal  of  moustache,  and  called  im 
Colonel.  I  never  knew  why  he  called  me  Colonel,  but  two  or 
three  times  lately  I  have  been  telling  this  story  to  people  intim- 
ately acquainted  with  me,  who  suggested  it  mig^ht  be  because  1 
was  nutty.  He  said  he  had  a  scheme,  and  that  this  scheme 
was  one  that  he  wanted  to  present  to  me  with  a  great  deal  of 
seriousness  as  it  grew  out  of  his  discovery  that  the  ship  wc 
were  on  was  about  out  of  coal.  We  had  been  out  about 
sixteen  days,  and  those  of  you  who  have  been  over  on  the 
five-day  boats  know  what  that  means.  We  were  all  very  much 
digusted,  and  this  gentleman,  who  said  he  was  from  Alabama, 
proposed  to  me  to  build  a  coal  island  out  in  the  Atlantic  ocean 
somewhere.  He  was  going  to  raise  the  money,  and  after  the 
island  was  built  he  was  to  stock  it  with  coal  and  sell  it  to  these 
slow  ships.  He  thought  there  would  be  a  great  deal  of  money 
in  it. 

In  view  of  the  fact  that  it  was  so  much  in  evidence  that  wc 
needed  coal,  I  agreed  to  take  the  question  up  seriously.  For- 
tunately, I  got  to  the  Captain  first  and  told  him  about  the  propo- 
sition, and  he  said  it  was  a  fine  idea,  as  there  had  been  manv 
occasions  when  he  needed  that  island.  So  we  had  a  conference, 
and  the  program  outlined  was  that  the  Colonel — no,  the  General 
— he  was  from  Alabama — was  to  raise  money  enough,  I  was  to 
build  the  island,  and  we  were  to  use  our  boat,  which  we  did  not 
think  much  of  as  a  passenger  steamer,  to  build  the  island  with. 
I  thought  we  could  cut  some  holes  in  the  bottom  of  it,  drop 
stone  into  it,  and  eventually  create  the  island.    In  order  to  give 


225 

some  dignity  ta  the  investigation,  1  disappeared  into  my  state- 
room for  two  or  three  days,  and  I  don't  know  how  many  decimal 
points  I  may  have  added  or  subtracted;  but,  anyhow,  the  best 
tliat  I  could  make  out  of  the  project  was  that  to  build  the  island 
where  the  captain  wanted  it — and  he  told  us  it  was  only  two 
miles  deep  there,  by  the  way — would  take  about  565,000  years; 
and  not  counting  any  commission  to  the  General,  not  allowing 
any  engineering  fees  whatever  for  me,  and  not  having  an  inci- 
dental column  at  all,  it  would  take  about  eleven  times  as  much 
money  as  there  is  supposed  to  be  in  all  the  world.  I  reluctantly 
let  go  of  that  commission  right  there.  That  island  was  to  be  only 
a  thousand  feet  square  on  top;  it  was  to  stick  up  out  of  the 
water  only  a  hundred  feet,  and  I  have  always  thought  that  if 
it  would  take  a  human  being  any  such  term  of  years  to  build 
a  little  thing  like  that,  what  we  really  succeed  in  doing  is  not 
worth  bragging  about. 

Now,  I  want  to  take  you  over  somie  of  the  earlier  forms 
of  power,  not  all  electric  power  either. 

[The  address  of  Mr.  Cooper  here  became  a  description  of 
the  construction  of  the  water-power  plant  at  Keokuk  by  means 
of  a  large  number  of  stereopticon  pictures,  each  of  which  was 
explained  in  detail  and  became  the  basis  of  running  comment  by 
the  speaker.  The  following  is  a  condensed  report  of  this  address, 
which  it  is  impossible  to  transfer  to  the  printed  page  in  full.] 
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THE  SYSTEM  OF  THE  MISSISSIPPI  RIVER 

POWER  COMPANY 

Probably  the  first  water-power  used  by  man  was  the  ntt- 
joli.  A  bowl  or  stone  or  other  matter  was  placed  in  the  eaithto 
receive  the  com  which  was  to  be  ground  as  in  a  mortar.  On  ooe 
end  of  a  horizontal  log  was  fitted  a  piece  of  hard  wood,  wbkk 
became  a  pestle  to  batter  the  com  as  the  end  of  the  log  carried  i 
up  and  down.  On  the  opposite  end  of  the  beam,  which  was 
pivoted  near  the  middle,  was  a  log  hollowed  out  in  the  fonn  d 
a  trough  into  which  water  ran  from  a  spring.  As  the  troagli 
was  filled  with  water  it  became  heavy  enough  to  sink  by  graritj 
and  raise  the  opposite  end  of  the  log  carrying  the  pestle,  while  as 
soon  as  it  reached  its  lowest  position,  the  water  ran  out  of  the 
trough  upon  the  ground,  when  the  pestle  end  at  once  fell  b]f 
its  own  weight,  striking  the  com  in  the  crude  mortar  and  crash- 
ing it.  These  blows  were  delivered  with  varying"  frequency,  boi 
in  the  course  of  time  sufficient  com  was  converted  nnto  meal 
to  supply  the  needs  of  a  family.  I  was  fortunate  enough  to  see 
this  pioneer  water-power  apparatus  in  actual  use  by  the  people 
in  the  mountains  of  Brazil.  It  was  introduced  into  that 
country  in  the  early  part  of  the  sixteenth  century  by  die 
Portuguese,  and  in  the  country  districts  there  nearly  evciy 
farmer  has  an  apparatus  of  this  kind,  and  uses  it  in  preparii^ 
sustenance  for  his  family.  There  is  a  Portuguese  historical 
statement  which  is  more  or  less  a  myth,  that  the  monjoli  was 
brought  into  Westem  Europe  from  Asia,  with  the  inference 
that  it  was  invented  by  the  Chinese,  but  there  is  no  real  evidence 
to  support  this,  except  the  general  principle  that  almost  everything 
worth  while  in  our  modern  civilization  has  come  originally  from 
the  land  of  chop-sticks  and  pigtails. 

It  is  a  far  cry  from  this  cmde  mechanism  to  the  complex 
curves  of  the  modem  turbine.  The  evolution  of  the  water  whed 
includes  the  labors  of  many  men  of  several  different  countries 
during  many  years.  The  first  water  wheels  were  impulse  whcds 
of  the  type  familiar  to  our  grandfathers,  and  it  was  considered  a 
great  improvement  when  the  undershot  wheel  was  replaced  by  the 
overshot  wheel,  which  had  an  increased  efficiency  over  its  imm^ 
diate  predecessor.    Finally,  the  idea  of  utilizing  die  tMck  preuoxt 


of  the  water  was  applied  to  waterwheels,  and  since  then  has  been 
made  very  familiar  to  high  school  students  in  the  form  of  a  glass 
tube  bent  into  the  shape  of  the  letter  S,  and  pivoted  in  the 
middle,  which  revolves  in  the  laboratory  when  water  is  forced 
to  flow  through  the  tube.  There  is,  in  Paris,  a  wooden  model  of 
a  reaction  wheel,  which  seems  to  have  been  made  some  time 
before  the  year  1700,  and  Poncelet  advocated  the  principles 
now  used  in  the  reaction  turbine  as  early  as  1826.  American 
design  of  reaction  wheels  had  its  first  achievement  at  Lowell,  in 
1846,  when  Uriah  Borden  reached  78  per  cent  efficiency  in  his 
design,  but  it  was  James  B.  Francis,  who  flourished  about  the 
middle  of  the  last  century,  to  whom  we  owe  sufficient  to  entitle 
him  to  be  called  the  father  of  the  modem  turbine.  His  method 
of  causing  water  to  flow  from  the  rim  of  the  wheel  towards  its 
hub  is  now  generally  called  the  Francis  type  of  wheel  in  both 
Europe  and  America,  and  whatever  changes  are  made  in  the 
details  of  design,  most  of  the  successful  waterwheels  of  to-day 
are  of  the  Francis  type.  It  is  only  within  the  last  decade,  how- 
ever, that  the  Francis  turbine  has  been  developed  into  a  success 
upon  which  absolute  dependence  can  be  placed  at  all  times.  The 
new  turbines  used  in  the  water-power  development  in  the  Mis- 
sissippi River  are  all  new  designs  of  the  Francis  type  and  have 
shown  at  the  Holyoke  testing  station  an  efficiency  of  about 
88  per  cent,  which  is  gratifying  to  all  concerned. 

This  water-power  development  extends  from  Keokuk,  Iowa, 
across  the  Mississippi  to  Hamilton,  Illinois.  Its  building  comes 
at  the  end  of  a  full  half  century  of  effort  on  the  part  of  the 
people  of  that  section  to  utilize  the  fall  of  the  river  at  the  Des 
Moines  rapids.  For  many  years  the  newspapers  published  count- 
less articles,  telling  why  this  water-power  should  be  utilized  in- 
stead of  being  allowed  to  go  to  waste ;  a  score  of  men  appeared 
with  projects  for  its  development,  ranging  from  the  utterly  fool- 
ish to  the  merely  impossible.  The  people  thereabouts  kept  eter- 
nally at  it,  apparently  because  they  did  not  realize  the  impossible 
when  they  saw  it.  As  a  matter  of  fact,  the  Mississippi  River  at 
that  point  could  not  be  dammed  to  develop  water-power  until 
engineering  science  had  advanced  past  its  capability  of  the  last 
century,  and  unfil  the  modem  revival  of  concrete  had  reached  a 
stage  where  there  was  a  large  production  of  cement  in  America. 
Pixt,  when  th^  time  did  arrive,  it  foyqcj  fte  people  3^1]  actively 
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at  work  and  ready  for  the  quick  connection  with  engineeriog 
and  capital  which  they  formed  at  the  earliest  possible  moment 

Even  then  the  real  difficulty  was  to  get  capital  interested  is 
the  proposition.  The  first  38  financiers  whom  I  approached  wifii 
my  well  thought  out  story  of  what  could  be  accomplished  Acre 
in  the  Mississippi  River,  rebuffed  me  with  as  much  chilliness 
and  firmness  as  politeness.  Finally,  after  years  of  labor,  argu- 
ment and  persuasion,  the  capital  to  construct  the  work  was  ob- 
tained in  England,  Germany,  France,  Belgium,  Canada,  and  a 
part  of  it  only  in  the  United  States. 

To  still  further  convince  me  that  it  was  not  simply  a  job  of 
making  drawings  and  blue  prints,  and  of  installing  concrete  and 
steel  there  in  the  river,  the  United  States  Government,  through 
the  War  Department,  then  proceeded  to  formulate  the  require- 
ments which  were  made  a  condition  precedent  of  the  franchise  act 
which  Congress  had  passed  in  favor  of  a  little  corporation  fonncd 
by  the  People  of  Keokuk  and  Hamilton,  which  really  was  a  sort 
of  Trustee,  and  for  all  practical  purposes,  the  people  incor- 
porated. 

I  have  nothing  but  the  highest  appreciation  of  and  praise  for 
the  great  courtesy  which  has  been  shown  at  all  times  by  the  War 
Department  and  the  office  of  the  Chief  Engineer  of  the  Army 
while  they  have  been  in  very  close  contact  with  our  work  there 
in  the  Mississippi  River.  They  have  been  as  considerate  as  a 
loving  father  bringing  up  a  child  in  the  way  he  should  go,  and 
they  have  had  very  definite  ideas  about  the  manner  in  which  the 
rights  and  benefits  of  navigation  in  the  river  should  be 
conserved  bv  our  work  and  at  our  cost.  Sometimes  I 
have  thought  that  they  were  demanding  not  only  a  pound 
of  flesh,  but  also  that  it  be  broiled  well  done;  but  they  always 
did  these  things  pleasantly  so  that  it  was  difficult  to  keep  from 
thanking  them  when  they  added  a  few  million  dollars  to  the  toll 
which  the  United  States  is  taking  because  it  allows  us  to  exist 
there  in  the  Mississippi. 

Our  work  is  done  entirely  by  administration  and  with  the 
use  of  a  considerable  quantity  of  machinery  which  reduces  mus- 
cular work  to  the  minimum.  Considerable  time  was  spent  in  pre- 
parin<:2:  ff^r  the  actual  work  of  construction,  and  this  was  fully  jus- 
tified by  llie  rapidity  with  which  the  work  was  done  after  we  began 
building  the  structures,    The  construction  plant  included  over 


15  miles  of  standard  gauge  railroads  track,  19  locomotives,  about 
150  cars,  several  million  pounds  of  steel,  tens  of  millions  of  feet 
of  lumber  used  in  making  the  cofferdam  and  wooden  forms  for 
concrete,  concrete  mixers,  derrick  cars,  travelling  cranes  and 
steam  shovels  of  large  size.  About  a  million  dollars  were  spent 
for  the  construction  plant. 

The  work  was  in  two  divisions ;  one  building  the  dam  across 
the  river  from  the  Illinois  shore,  and  the  other  building  the 
power-house,  lock  and  dry  dock  near  the  Iowa  shore.  These 
two  divisions  working  along  together  in  perfect  co-ordination 
with  the  chief  engineer  greatly  increased  the  speed  of  construc- 
tion. 

The  first  thing  to  do  was  to  unwater  the  bed  of  the  river 
where  our  structures  were  to  stand.  This  was  done  by  means  of 
cofferdams.  The  cofferdam  was  made  by  building  cribs  of  heavy 
cross  timbers  and  filling  the  cribs  with  rock.  The  bottom  of  each 
crib  was  fitted  exactly  to  the  rock  bottom  of  the  river,  then  heavy 
timbers  were  placed  to  form  a  wall  on  the  outer  side  of  these 
cribs  which  were  spaced  12  feet  apart,  and  outside  of  the  timbers 
was  put  a  second  wall  of  2-inch  planks.  Finally  clay  was  dumped 
outside  of  the  crib  and  made  an  effectual  seal  against  the  water. 
An  area  of  about  35  acres  was  enclosed  in  the  cofferdam  on  the 
Keokuk  side,  which  had  for  its  western  boundary  the  Iowa  bank 
of  the  river.  The  cofferdam  ahead  of  the  main  dam  was  built 
in  practically  the  same  way,  in  sections  of  several  hundred  feet; 
the  work  was  so  arranged  that  by  the  time  the  big  concrete 
dam  had  advanced  through  one  section,  another  section  of  the  cof- 
ferdam was  ready  for  it.  The  water  was  taken  out  of  the  coffer- 
dam with  centrifugal  pumps,  and  so  nearly  watertight  were  they 
that  seepage  was  entirely  inconsequential.  The  concrete  for  the 
work  was  made  out  of  the  hard  blue  limestone  there,  and  the 
stone  provided  by  excavation  from  the  bottom  of  the  river  to  form 
the  tail  race  was  almost  exactly  what  was  needed  for  the  con- 
crete in  the  Iowa  division.  The  rock  for  the  Illinois  division 
was  obtained  a  few  hundred  feet  away  from  the  stone  crusher. 
The  sand  was  obtained  a  couple  of  miles  down  the  river  and 
pumped  out  of  the  river  bottom  by  suction  dredges  which  piled 
it  ashore,  the  water  running  off.  It  was  then  lifted  by  clamshell 
buckets  and  a  derrick,  upon  dump  cars  which  were  run  in  trains 
over  railroad  trades  to  the  concrete  mixers.    A  stone  crusher 


to  which  the  rock  was  hauled  f  roqfi  the  quarries  hrckt  it  into 
pieces  of  proper  size  for  the  concrete  and  it  was  then  convejd 
by  machinery  to  bins  in  the  concrete  mixing  plant,  where  that 
were  also  bins  for  the  sand.  The  sand,  concrete  and  water  wm 
mixed  in  revolving  dnmis  and  the  concrete  was  poured  into 
buckets,  each  holding  a  cubic  yard  and  a  half,  setting  on  flat 
cars,  so  that  a  train  was  loaded  in  a  short  time  and  hauled  to 
the  place  where  the  concrete  was  to  be  deposited.  That  for  flie 
dam  itself  was  hauled  over  three  tracks  on  top  of  a  concrete  por- 
tion of  the  structure. 

Running  upon  a  railroad  track  of  25-foot  gauge  on  top  ot 
the  dam  was  a  travelling  crane  with  a  cantilever  arm  reaching 
150  feet  beyond  the  concrete  end  of  the  dam.  It  extended  over 
steel  forms,  which  were  the  moulds  in  which  the  spans  of  Ae 
dam  were  cast.  In  this  way  the  dam  was  used  to  build  itsdi 
The  dam  consists  of  119  arched  spans,  looking  very  much  like 
a  bridge,  each  span  being  an  opening  of  30  feet  between  the 
6-foot  piers.  In  each  span  between  the  piers  is  built  a  spillway, 
over  which  the  water  flows.  Above  each  spillway  is  a  steel  gate 
sliding  in  a  slot  cut  in  a  pilaster  extension  of  the  pier.  The  whole 
dam  is  set  down  several  feet  in  the  limestone  bottom  of  the 
river  to  which  it  is  attached  as  firmly  as  if  it  were  an  integral 
part  of  the  bed  rock.  The  structure  is  52  feet  high,  42  feet  wide 
at  the  bottom  and  29  feet  wide  at  the  top.  The  spillways  arc 
32  feet  high,  vertical  on  the  upstream  side,  and  with  an  ogee 
curve  on  the  downstream  side.  The  steel  gates  extend  from  the 
top  of  the  spillway  a  little  above  the  point  where  the  arches  leave 
the  piers.  By  opening  and  closing  a  various  number  of  these 
gates  the  water  level  above  the  dam  may  be  regulated.  Expan- 
sion and  contraction  by  heat  and  cold  were  taken  care  of  by 
sheets  of  building  paper  on  edge  in  different  parts  of  the  concrete 
mass ;  this  need  be  done  only  near  the  surface  of  the  concrete  as 
the  latter  is  not  affected  near  the  center  of  a  large  mass  by 
changes  in  atmospheric  temperature.  There  is  an  abutment  at 
each  end  of  the  dam,  and  the  total  length  is  4649  feet,  or  about 
0.88  of  a  mile. 

At  the  western  end  of  the  dam  and  almost  at  right  angles 
to  it  is  built  the  power-house,  17 18  feet  long  and  132  feet,  6  inches 
wide.  The  substructure  sets  25  feet  down  in  the  bottom  of  the 
river,  and  is  a  solid  mass  of  concrete  containing  openings  and  cfaam- 
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^  bers  through  which  the  water  flows  to  actuate  the  turbines.  The 
^  superstructure  houses  the  electrical  installation  of  generators, 
t  transformers,  oil  switches  and  the  like.  The  substructure,  nearly 
^1  a  third  of  a  mile  long,  half  a  city  block  wide,  and  70  feet  high, 
p  was  cast  in  concrete  by  means  of  wooden  forms,  and  while  mil- 
t  lions  of  feet  of  lumber  were  used  in  its  construction,  there  was 
I  not  a  foot  of  wood  in  it  when  it  was  completed.  A  force  of  car- 
r  penters  did  some  excellent  joinery  work  in  making  the  wooden 
forms,  the  sides  of  which  next  the  concrete  were  perfectly  smooth 
in  order  that  the  concrete  surface  might  be  so. 

Spanning  the  width  of  the  power-house  were  four  travelling 
cranes,  which  also  projected  over  the  railroad  tracks  along 
one  side  of  the  structure.  These  cranes  picked  up  the  concrete 
buckets  from  the  trains  arriving  from  the  mixer  plant  and  de- 
posited the  concrete  in  the  wooden  forms.  These  cranes  were 
moved  along  the  power-house  on  a  railroad  track,  the  gauge 
of  which  was  125  feet;  that  is,  the  rails  were  that  far  apart. 

In  the  substructure  of  the  power-house  are  the  30  units  of 
the  water-power,  each  one  consisting  of  a  waterwheel  connected 
with  an  electric  generator  and  surrounded  by  the  means  by  which 
the  water  passes  through  the  wheel.  Each  of  these  30  units  is 
exactly  like  the  other  29  and  a  description  of  one  is  a  description 
of  all  of  them. 

In  each  case  the  water  passes  under  an  arch  and  into  the 
entrance  of  four  intakes  guarded  by  a  steel  network  which  acts  as 
a  strainer.  These  intakes  are  over  7  feet  wide  and  22  feet  high 
and  each  extends  into  the  concrete  mass,  three  of  them  finally 
joining  together,  and  one  running  independently  to  the  chamber 
in  which  the  waterwheel  is  placed,  which  is  technically  called  the 
scroll  case.  This  chamber  is  39  feet  in  diameter,  is  spiral  in 
shape,  and  the  curves  of  the  intakes  and  slanting  floors  in  both 
intakes  and  turbine  chambers  are  carefully  calculated  so  that  the 
water  is  given  a  circular  motion  around  the  wheel  and  strikes 
every  point  upon  the  circumference  with  equal  force,  thus  get- 
ting the  greatest  amount  of  power  possible  out  of  the  water. 

After  passing  through  the  wheel  from  circumference  to 
center  the  water  passes  downward  through  a  curve  outlet,  which 
at  the  top  just  below  the  wheel  is  circular  in  form  and  18  ft.  in 
diameter,  and  at  its  outlet  in  the  tail  race  is  oval  in  shape  and 
of  much  larger  size.    The  shape  of  this  outlet,  called  a  draft 


232 

tube,  is  such  that  it  exerts  a  suction  pull  upon  the  turbine,  so  flat 
this  water  wheel,  in  entire  disregard  to  the  lines  of  a  famoos 
poet,  is  actually  run  by  the  water  which  has  passed.  The  wate 
is  discharged  into  the  tail  race  excavated  25  feet  deep  in  die 
bottom  of  the  river.  The  power  developed  is  that  produced  by 
the  weight  of  the  water  passing  through  the  wheel  from  a  higher 
level  above  the  dam  to  the  lower  level  in  the  open  river  below. 

The  waterwheel  is  a  casting  of  complex  and  carefully  calcu- 
lated curves,  which,  in  this  instance,  presented  problems  that 
seemed  almost  insurmountable  in  the  beginning.  The  conditions 
compelled  a  design  of  comparatively  slow  speed  under  a  com- 
paratively low  head  of  water,  and  this  involved  very  large  dimen- 
sions. The  larger  number  of  waterwheels  in  use  operate  under 
a  head  of  water  several  hundred  feet  high  at  very  high  speed 
and  consequently  may  be  made  of  comparatively  small  size.  In 
consultation  with  several  men  especially  skilled  in  the  design  of 
waterwheels  we  finally  evolved  a  turbine  for  the  Mississippi 
River  development  which  is  very  satisfactory.  It  weighs  be- 
tween 65  and  70  tons,  is  over  16  feet  in  diameter,  and  over 
II  feet  high.  It  contains  21  vanes,  called  buckets,  against  which 
the  water  impinges,  and  through  which  it  flows  to  make  the 
wheel  revolve. 

The  wheel  is  attached  to  the  bottom  of  a  steel  shaft  25  inches 
in  diameter,  to  the  top  of  which  is  attached  the  revolving  part  of 
the  electric  generator  on  the  power-house  floor  above.  This 
shaft,  carrying  both  the  turbine  at  the  bottom  and  the  rotor  of 
the  generator  at  the  top,  revolves  uj)on  one  bearing  with  a  weight 
of  550,(xx)  jx)unds.  This  bearing  is  lubricated  by  forcing  oil  into 
it  under  a  pressure  of  250  pounds  to  the  square  inch,  and  is  so 
arranged  that  if,  by  any  chance,  this  forced  oil  lubrication  breaks 
down,  the  bearing  settles  automatically  and  instantly  upon  rollers 
immersed  in  oil. 

This  bearing  is  the  top  of  a  steel  cone  which  rests  upon  the 
ring  near  the  top  of  the  turbine  chamber,  and  this  ring,  con- 
nected to  one  side  of  the  i)ower-house  floor  by  a  steel  drum,  sup- 
ports a  t(^lal  weight  of  nearly  a  million  pounds.  When  it  was 
tested  with  a  weight  of  a  million  pounds  the  deflection  was  only 
a  scant  o.(K)i  (^f  an  inch,  so  firmly  is  it  held  in  its  concrete  bed. 

The  revolving  part  of  the  electric  generator  is  over  30  feet 
in  diameter.     The  current  is  generated  at  11,000  vohs,  and  by 
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^    transformers  is  stepped  up  to  110,000  volts,  at  which  it  is.  trans- 

■    mitted  over  the  line  to  St.  Louis  and  intermediate  stations. 

;  The  lock  by  which  the  boats  pass  the  dam  is  located  between 

the  power-house  and  the  Iowa  shoref,  at  the  lower  end  of  the 

■  work.     It  is  built  entirely  at  the  cost  of  the  Power  Company  and 

exactly  as   required  by  the  War  Department.     It  is   no  feet 

wide,  which  is  the  width  of  the  Panama  locks,  is  400  feet  long, 

and  lifts  and  lowers  steamboats  through  a  distance  of  40  feet. 

Under  the  east  wall  of  the  lock  is  a  tunnel  13  feet  in  diam- 
eter with  lateral  smaller  tunnels  6  feet  in  diameter  cross- 
ing under  the  lock  floor  like  a  gridiron.  In  each  of  these  lateral 
culverts  are  seven  openings.  To  fill  the  lock,  the  valves  at  the 
upper  end  of  the  large  tunnel  under  the  lock  wall  are  opened  and 
the  water  flows  into  it  and  through  the  cross  culverts  under  the 
floor  of  the  lock  to  come  up  into  the  lock  through  the  56  holes 
scattered  all  over  its  bottom  so  that  there  will  be  no  eddies  nor 
currents  as  the  lock  fills,  and  the  steamboat  is  raised  upon  the 
surface  of  the  water  through  the  distance  of  40  feet.  When  the 
lock  is  to  be  emptied  the  valves  at  the  upper  end  of  the  tunnel 
under  the  wall  are  closed  and  similar  valves  at  the  lower  end  are 
opened,  allowing  the  water  to  flow  out  of  the  lock  in  the  reverse 
direction  through  the  same  channels  into  the  open  river  below. 
The  lower  gates  of  the  lock  had  to  be  designed  to  withstand  the 
pressure  of  a  wall  of  water  over  40  feet  high  and  at  the  same  time 
to  allow  them  to  be  opened  and  shut  almost  as  easily  as  the 
doors  of  a  building.  These  gates  are  of  heavy  steel  frame  work 
with  a  steel  skin  upon  the  inside  of  the  lock.  They  weigh  over 
a  million  pounds  and  have  a  tendency  to  sag  which  exerts  a 
force  of  374,000  pounds,  even  after  a  large  quantity  of  weight 
is  neutralized  by  their  buoyancy  chambers.  In  each  gate  is  an 
air-tight  cavity  filled  with  air,  which  exerts  some  lifting  force 
upon  the  mass  of  steel.  The  essential  part  of  the  hinge  in  each 
of  these  gates  is  a  hemisphere  of  bronze  resting  upon  the  bottom 
of  the  river  and  capped  by  a  hollow  hemisphere  of  hardened  steel 
which  has  been  called  the  heel  of  the  gate.  These  gates  are 
operated  by  the  same  mechanism  which  is  in  use  in  the  Panama 
locks,  consisting  of  a  steel  bar  attached  to  the  gate  at  one  end 
and  to  the  wheel  at  the  other  end;  as  this  wheel  revolves  the 
steel  bar  is  thrust  out  to  push  the  gate  shut  or  is  pulled  back  to 
pull  the  gate  open. 
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Between  the  lock  and  the  Iowa  shore  is  a  dry  dock  whkfa  the 
company  is  also  building  at  its  own  cost  according  to  plans  vA 
specifications  furnished  by  the  Ciovcrnment.  This  consists  of  i 
basin  and  a  rather  large  area  upon  which  will  be  built  machine 
shops,  office  and  other  buildings. 

The  gate  of  the  dry  dock  basin,  the  upper  gate  of  the  kxk 
and  the  guard  gate  protecting  the  latter  in  emergency,  arc  all 
three  exactly  alike,  and,  in  fact,  either  gate  may  be  used  in  any 
location  if  desired. 

The  upper  lock  gate  is  opened  by  sinking  it  under  the  water, 
so  that  the  boat  may  pass  over  it ;  it  is  closed  by  raising  it  up  col 
of  the  water  as  a  barrier  at  the  upper  end  of  tlie  lock.  It  is  of 
steel  truss  construction,  and  its  lower  half  is  an  air-tight  chamber. 
When  the  gate  is  to  be  opened  water  is  admitted  into  this  cham- 
ber through  a  valve  and  the  entire  gate  sinks  exactly  like  a  ship 
with  her  bilge  cocks  open.  After  the  gate  has  sunk  under  the 
water  and  the  boat  has  passed  over  into  the  river  above,  the  turn- 
ing of  another  compound  valve  admits  compressed  air  to  the  air- 
tight chamber  in  the  bottom  part  of  the  gate  and  opens  an  exit 
for  the  water  contained  therein.  As  the  chamber  in  the  gate  is 
filled  with  air,  the  gate  becomes  buoyant  and  rises  to  the  surfcwx 
for  exactly  the  same  reason  that  an  air-tight  empty  tin  can  wiD 
not  stay  under  the  water.  This  gate  is  provided  with  details  of 
design  and  devices  which  make  it  fool-proof  so  that  it  may  be 
operated  by  common  labor  without  danger  of  its  getting  out  of 
order.  When  repairs  are  needed  upon  it,  it  is  merely  slipped  out 
of  its  place  in  its  buoyant  condition  and  towed  around  into  the 
dry  dock,  wherie  it  may  be  repaired  high  and  dry,  and  after- 
wards floated  back  to  its  place  at  the  upper  end  of  the  lock- 

The  United  States  not  only  gets  this  lock  and  dry  dock  free 
of  all  expense,  but  has  also  installed  at  the  expense  of  the  power 
company  an  entirely  separate  individual  power  plant  to  operate 
them.  This  is  placed  in  a  short  cross  wall  which  connects  the 
lower  end  of  the  power-house  with  the  upper  end  of  the  lock.  It 
consists  of  two  small  turbine  wheels  actuating  two  air  pumps. 
These  pumps  furnish  compressed  air,  which  is  carried  in  pipes 
to  all  the  machinery  in  the  lock  and  dry  dock,  for  their  operation, 
and  furnishes  perpetual  power  for  the  Government  at  practically 
no  cost. 
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The  pool  above  the  dam  is  of  such  size,  that  the  newspapers 
persist  in  calling  it  a  lake.  It  is  from  i  to  3  miles  wide,  and 
about  65  miles  long.  It  furnishes  deep  water  navigation  for 
steamboats  for  over  60  miles  up  the  Mississippi  and  over  the  Des 
Moines  rapids  which  hitherto  have  been  passed  by  a  Government 
canal,  9  miles  long,  containing  three  locks.  This  canal  cost  the 
Government  over  $40,000  a  year  to  operate,  and  is  replaced  by  the 
new  lock.  Boats  will  be  locked  through  in  the  new  way  in  10  or 
12  minutes,  and  will  save  at  least  two  hours'  time  between  Keokuk 
and  Montrose,  the  first  landing  above,  as  compared  with  the 
time  required  to  pass  through  the  old  canal  and  its  three  locks. 

The  Mississippi  formerly  flowed  several  miles  to  the  west  of 
its  present  location,  until  a  glacier  came  down  from  the  northeast 
and  dumped  itself  into  the  river  a  dozen  miles  above  Keokuk. 
This  glacial  barrier  forced  the  Mississippi  to  cut  a  new  channel 
around  the  obstruction.  This  new  channel  is  a  few  million  years 
younger  than  the  rest  of  the  stretch  of  the  Mississippi  across  the 
map  of  the  United  States,  so  that  while  the  older  river  had  cut 
its  way  into  the  continent  with  such  a  wide  trough  that  the  bluffs 
on  either  side  are  fully  10  to  20  miles  apart,  on  this  newer 
stretch  which  became  the  Des  Moines  rapids  the  bluffs  are  up 
close  to  the  banks  of  the  river.  It  was  that  glacier  which  made 
this  water-power  development  possible,  because  otherwise  so 
much  land  would  have  had  to  be  overflowed  above  the  dam  as  to 
make  the  cost  of  the  development  prohibitive.  As  it  is,  the  com- 
pany paid  several  million  dollars  for  land  which  its  dam  over- 
flows, and  it  is  a  matter  of  special  gratification  that  812  different 
farmers  were  settled  with  amicably,  and  to  their  entire  satisfac- 
tion, while  only  six  compelled  litigation  to  determine  the  equity 
of  their  claims,  and  the  awards  made  by  the  courts  in  all  of 
these  cases  have  been  less  than  the  company  was  willing  to 
pay  the  land  owner  in  the  beginning. 

In  closing,  I  want  to  thank  you  very  much  for  the  patient 
attention  you  have  given  me  to-day.  If  I  have  roused  in  your 
minds  a  little  curiosity  to  see  this  job,  you  will  find  that  it  is  so 
big  we  have  not  had  a  chance  to  build  a  fence  around  it ;  in  fact, 
we  are  not  going  to  build  a  fence  around  it.  We  shall  always 
be  glad  to  see  you.  The  work  is  to  be  turned  over  soon  to  one 
of  your  members,  the  Stone  &  Webster  Corporation,  which  is  to 
fpanage  the  property,  and  I  think  I  need  no^  hesjtate  to  say  th^t 
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you  will  find  them  most  agreeable  hosts.  I  thank  you  >r^  ^^Ty 
much. 

Mr.  J.  A.  Brundige,  New  York  City:  Mr.  Chairman^,  I 
move  a  vote  of  thanks  to  Mr.  Cooper  for  his  very  interest:  ixig 
talk. 

(The  motion  was  seconded  and  carried  by  a  rising  vote. 


(Adjourned.) 


THIRD  HYDRO-ELECTRIC  AND  TRANS- 
MISSION SESSION 


Friday  Morning,  June  6 


The  Chairman,  Mr.  Holton  H.  Scoit:  The  meeting  will 
P^^se  come  to  order. 

The  first  number  on  the  program  is  the  Report  of  the  Com- 
mittee on  Receiving  Apparatus.  Mr.  M.  R.  Bump,  Chairman, 
New  York,  is  unable  to  be  present,  and  the  report  will  be  read 
by  Mr.  W.  N.  Ryerson,  Chairman  of  the  Power  Transmission 
Section. 
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by  Mr.  W.  N.  Ryerson,  Chairman  of  the  Power  Transmission 
Section. 
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you  will  find  them  most  agreeable  hosts.  I  thank  you  vcn 
much. 

Mr.  J.  A.  Brundige,  New  York  City :  Mr.  Chairman,  I 
move  a  vote  of  thanks  to  Mr.  Cooper  for  his  very  interesting 
talk. 

(The  motion  was  seconded  and  carried  by  a  rising  vote.) 
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THIRD  HYDRO-ELECTRIC  AND  TRAMS- 
MISSION  SESSION 


Friday  Morning,  June  6 


The  Chairman,  Mr.  Holton  H.  Scott  :  The  meeting  will 
please  come  to  order. 

The  first  number  on  the  program  is  the  Report  of  the  Com- 
mittee on  Receiving  Apparatus.  Mr.  M.  R.  Bump,  Chairman, 
New  York,  is  unable  to  be  present,  and  the  report  will  be  read 
by  Mr.  W.  N.  Ryerson,  Chairman  of  the  Power  Transmission 
Section. 


REPORT  OF  THE  COMMITTEE  ON  RECEIVIKG 

APPARATUS 

Your  Committee  has  found,that  so  little  interest  is  taken  by 
the  members  in  this  subject  that  it  seems  unwise  to  attempt  to 
make  any  general  report  to  this  Convention.  We  feel  that  oar 
subject  is  of  the  greatest  importance,  and  that  the  solution  oi 
the  problems  advanced  in  last  year's  report  offers  more  in  the 
way  of  benefits  leading  toward  the  future  stability  and  success 
of  transmission  work  than  any  other  solution  before  us.  We  do 
not  think  it  possible  to  make  a  creditable  report  unless  the  Com- 
mittee has  at  least  nine  months'  time  in  which  to  prepare  its 
data,  and  unless  the  members  of  this  Association  are  willing  to 
spend  money  in  experimental  work  and  special  investigation. 
The  success  of  the  one  company  that  has  really  taken  up  the 
problem  of  ''holding  the  load''  has  been  such  as  should  arouse 
the  wide-spread  enthusiasm  of  our  members.  Before  a  full  r^ 
port  can  be  made  we  must  receive  this  enthusiasm  and  the  help 
it  will  bring  to  us.  We  feel  it  imprudent  to  make  any  report 
other  than  that  progress  is  being  made,  and  we  wish  to  impress 
on  the  Section  the  importance  of  having  next  year's  committee 
appointed  and  at  work  not  later  than  July  i. 

Respectfully  submitted, 

'M.  R.  Bump,  Chairman 
L.  C.  Nicholson 
E.  A.  West 
E.  S.  Corey 


Committee 


The  Chairman  :  The  second  number  on  the  program  is  the 
Report  of  the  Committee  on  Distributing  Lines.  Mr.  P.  M. 
Downing,  of  San  Francisco,  chairman,  is  not  here,  and  the  report 
will  be  read  by  Mr.  L.  A.  McArthur,  of  Portland. 


REPORT  OF  THE  COMMITTEE  ON 
DISTRIBUTING  LINES 

The  term  "distributing  lines,"  when  used  in  the  ordinary 
sense,  may  imply  lines  of  low?  voltage,  but  in  the  preparation  of 
a  report  on  this  subject,  we  shall  not  consider  voltage  as  being 
the  limiting  feature  by  any  means,  but  shall  classify  as  such  all 
lines  from  which  a  general  distribution  service  is  given,  regard- 
less of  the  voltage.  They  will  be  distinguished  from  trunk  and 
transmission  lines  only  in  that  the  latter  are  used  to  connect 
important  generating  and  distributing  stations. 

The  subject-matter  contained  herein  relates  especially  to  the 
Western  States,  and  particularly  to  the  Pacific  Coast,  where  per- 
haps more  has  been  done  in  the  way  of  pioneering  the  distribu- 
tion of  electrical  energy  to  rural  and  other  sparsely  settled  dis- 
tricts than  has  been  done  elsewhere. 

The  past  few  years  have  brought  about  many  changes  in 
the  method  of  transmitting  and  distributing  electrical  energy  for 
power  and  lighting  purposes.  Voltages  which  a  short  time  ago 
were  not  considered  commercial  possibilities  are  to-day  being 
used  not  only  on  long  transmission  lines,  but  very  generally  for 
distributing  purposes.  It  has  not  been  long  since  40,000  or 
50,000  volts  were  considered  the  maximum  at  which  a  line  could 
be  operated  safely  and  economically. 

The  continually  increasing  demand  for  electric  power  has 
made  necessary  the  use  of  voltages  as  high  as  100,000  or  150,000 
for  transmission  purposes,  leaving  the  lower  voltage  lines  which 
were  once  used  as  transmission  circuits  to  be  used  almost  exclu- 
sively for  distribution  purposes. 

Another  condition  contributing  to  the  use  of  the  higher  volt- 
ages is  that  the  rates  are  being  continually  reduced,  while  the 
territory  served  is  increasing.  This  condition  has  forced  operat- 
ing companies  to  adopt  a  construction  the  cost  of  which  will  be 
the  minimum  consistent  with  good  service.  To-day  there  are  a 
large  number  of  companies  operating  general  distributing  sys- 
tems in  rural  districts  at  voltages  as  high  as  22,000. 

Voltages  higher  than  this  can  seldom  be  used  to  advantage 
except  in  the  case  of  large  consumers,  owing  to  the  high  trans- 
former cost.     Where  there  are  a  large  number  of  such  custom- 
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If  a  single-phase  service  is  required,  the  neutral  can,  to 
Ivantage,  he  run  out  from  the  station  to  carry  the  unhalancc. 
;  the  event  of  sinj;jU -phase  service  being  required  in  an  isolated 
ction  only  of  the  system  at  a  considerable  distance  from  the 
ation,  and  where  the  expense  of  carrying  the  neutral  the  entire 
stance  from  the  station  would  not  be  justified,  an  artificial  neu- 
al  may  be  established  locally.  By  keeping  the  load  in  the  dis- 
ict   reasonably  well  balanced  between  the  three  phases,  only 


Fig.  4.     ii-KiLOVOLT  Pole  Type  Meter  Installation   for  Use  on 

Branch  Lines 


le  unbalance  would  be  carried  through  the  ground.  From  an 
Derating  point  of  view,  there  is  no  objection  to  carrying  this 
ibalance  through  the  ground.     Objection  is,  however,  some- 
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two  conductors  may  be  placed  in  the  same  plane  either  ver- 
tically or  horizontally.  A  safe  and  thoroughly  substantial  con- 
struction for  the  very  high  voltage  lines  can  be  had  by  supponing 
the  two  circuits  on  suspension  insulators  in  vertical  planes  on  ihc 
opposite  sides  of  the  pole. 

I'^or  voltages  up  to  22,000  the  pin  type  insulator  has  prove: 
very  satisfactory.  From  this  voltage  up  to  6o,cxx),  both  the  piri 
and  suspension  types  have  been  used.  For  voltages  above  60.00c: 
the  suspension  type  is  used  almost  exclusively.  The  objection  v. 
the  use  of  suspension  type  insulators  on  voltages  between  22.cxy. 
and  r)<),ooo  is  the  greater  first  cost.     This,  however,  should  n?: 


h'li..    i).      (x»Kll"M>II     \'l-.KIl«.AL     r>KIAK    DISCONNECTING     SWITCHES    PDK 

OiMMNd  V»K\NCH  Lines 

alwavs  l>c  llu-  «U't(.Tmiiiinj4  farior  in  deciding  the  construction 
i<i  lie  u^vi]  tMi  a  liiu'.  i'>]»<.'rially  if  iliu  service  is  important  and 
is  1m  ])t^  sii|)]'lif(|  l)y  a  >iii.L:Ic  cirrnil.  ( )n  the  Pacific  Coast  and 
j»ariii"iilarly  in  ilir  -rcti-'n^  wlirre  llu-  >alt  fogs  are  prevalent,  the 
-n-^ptii^ii -n  i\|'i'  i-\  in^-niai' -r  i^  n*  l»r  ri-rnnniuMidcd.  The  reason 
1'.  iT  llii.  i  ili.ii  ii  Ii.i-  liwii  .lit  iM.i'Kris  in  which  dust  and  dirt 
(.11!  ..ilNii  I  >in  In-.'  llu  niiiniliv  hum  Innr  tt»  NovendxT  llicr^ 
i.s  littK-  it"  anv  i.nm.ili   wnii  iii.   ii-^nlt  iliai  runsiderahle  dirt  accu 


247 

lulates  on  the  surface  and  under  the  petticoats  of  the  insula- 
>r.  The  salt  fogs  or  rain  coming  into  contact  with  this  dirt 
jrni  a  leakaj-c  iialh  wliidi  is  very  ;ii>l  In  i;niNC  irmiblc.  'I'lie  fogs 
re  worse  than  the  rain,  as  i)ractically  the  fntiic  surface  of  the 
tsulator  will  be  welted  witliout  washing  otf  any  of  the  dirt, 
-hereas  with  the  rain  the  top  and  outer  portions  of  the  petticoat 
re  washed  clean  and  the  inner  parts  are  left  fairly  dry. 

The  only  way  to  overcome  this  trouble  is  to  clean  the  insu- 


Fia  10.    ii/x)o-VoLT  MoTCK  Tbamsfobuers  Mounted  on  Polxs 

itors  by  wiping  them.  In  some  sections  this  dirt  and  salt  fog 
andition  is  so  bad  that  even  the  telephone  and  telegraph  circuits 
ecome  at  times  inoperative  until  the  insulators  are  cleaned. 

A  large  portion  of  the  suburban  business  consists  of  reclam- 
lation,  irrigation  and  small  domestic  motors.  To  give  service  of 
his  kind  requires  a  comparatively  large  mileage  of  lines  per 
orse  power  of  connected  load.     To  keep  the  investment  down  to 


a  point  where  the  business  to  be  had  would  justify  the  first  oia 
of  the  installation,  it  has  been  necessary  to  construct  lines  U  i 
minimum  cost.  A  very  satisfactory  construction  consists  of  3001 
35- ft,  round,  white  cedar  poles,  spaced  15  per  mile,  with  the  thrtt 
conductors  carried  in  a  horizontal  plane  at  the  top  of  the  pole. 

Very  often,  where  the  load  is  small  and  the  voltage  reg* 
lation  is  not  of  too  great  importance,  a  considerable  saving  <ai 
be  made  by  the  use  of  iron  wire,  instead  of  copper  or  aluminum 
This  has  been  found  to  give  equally  as  good  service  as  the  mort 
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expensive  couductors,  providing,  of  course,  it  is  not  over-loaded. 
Outside  of  cities  and  communities,  where  the  use  of  insulated 
wire  is  required  by  ordinance,  it  is  the  almost  universal  practise 
to  use  lare  cmiduclors.  Service  wires  leading  into  buildings 
are  always  insulated. 

Of  late  years  there  has  been  a  strong  and  growing  tendency 
for  legislative  and  other  governing  bodies  to  regulate  line  con- 
struction details.     A  number  of  Statfs  have  done  this  by  direct 
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legislative  enactment,  while  others  have  vested  that  authority  in 
oonunissions  having  control  of  public  utility  affairs. 

In  California  where  the  State  Railroad  Commission  has  con- 
trol of  all  public  utilities,  the  specifications  for  overhead  cross- 
ings for  electric  light  and  power  lines  over  railroads,  street  rail- 
roads, telephone  and  telegraph  lines,  etc.,  as  adopted  by  the 
National  Electric  Light  Association,  have  been  accepted  for  cross- 
ings of  lines  carrying  voltages  of  15,000  and  over.  A  compli- 
ance with  these  specifications  will,  in  some  respects,  improve  the 
crossing  construction,  but  it  is  believed  by  many  engineers  that 
certain  changes  could  be  made  that  would  materially  lessen  the 
ficst  cost  of  the  crossing  without  in  any  way  impairing  its  effi- 
ciencv. 

Line  extension  estimates  are  generally  made  on  the  supposi- 
tion that  the  gross  revenue  for  the  first  three  years  will  equal 
the  cost  of  the  investment.  In  some  instances,  however,  when 
the  extension  is  into  new  territory,  where  there  is  a  probability 
of  other  business  being  developed,  or  where  the  demand  is  large 
and  is  to  be  supplied  on  long-term  contracts,  the  investment  can 
be  made  on  a  more  liberal  basis.  In  other  words,  the  extension 
might  be  made  on  the  basis  of  the  gross  revenue  for  five  or  an 
even  greater  number  of  years  equalling  the  investment.  Some- 
times the  customer  is  required  to  advance  a  portion  or  all  of  the 
first  cost  of  the  extension  and  have  it  rebated  to  him :  ( i )  within 
a  certain  fixed  period  of  time;  or  (2)  on  the  basis  of  a  certain 
percentage  of  his  monthly  bill  to  be  refunded. 

Arrangements  of  this  kind  are  oftentimes  very  satisfactory 
when  made  with  customers  whose  requirements  will  ultimately 
be  large,  and  who,  perhaps,  should  have  the  benefit  of  the  lower 
rate  for  their  present  small  demands.  The  percentage  of  the 
power  bills  rebated  averages  from  20  to  25  per  cent. 

DISCUSSION 

Mr.  E.  H.  Negley,  Canton,  Ohio:  I  have  a  question  to 
ask.  Is  it  correct,  as  stated  on  page  12,  that  3S-foot  poles  are 
spaced  15  per  mile. 

Mr.  Lewis  A.  McArthur,  Portland,  Ore.:  It  would  cer- 
tainly be  pretty  long  spacing. 

Mr.  Fred  G.  Hamilton,  Visalia,  Cal. :  Regarding  the  spac- 
ing of  poles  I  will  say  that  it  is  the  custom  of  the  companies 
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in  the  San  Joaquin  Valley  to  space  their  poles  from  300  to  44D 
feet  apart.  On  the  300-foot  spans  we  are  using  30-foot  poki; 
on  the  445,  35  to  40-foot,  using  poles  five  feet  higher  at  pobBc 
crossings  on  highways. 

Mr.  McArthur  :  There  is  only  one  thing  that  I  might  saj, 
which  is  that  in  Oregon  and  Washington  we  very  seldom  me 
poles  less  than  35  feet  high.  A  30-foot  pole  would  be  too  short 
for  that  country,  for  the  reason  that  a  great  many  farmers  ■ 
the  Oregon  district  use  alfalfa  hay-stackers,  a  sort  of  hay-der- 
rick, like  a  gin  wagon,  and  when  they  foul  the  line  there  is 
generally  some  trouble.  Very  often  they  will  get  themselves 
foul  of  a  66,000-volt  line.  We  have  had,  in  three  years,  Arte 
or  four  farmers  killed  simply  because  of  carelessness  in  getting 
their  hay  derricks  tangled  up  in  high-tension  systems.  Wc  do 
not  find  it  advisable  to  put  in  poles  less  than  35  feet  high  for 
6600-volt  distribution,  and  we  space  them  anyhere  from  175  to 
300  feet  apart,  depending  upon  the  territory,  the  character  of  the 
soil  and  how  heavy  the  work  is. 

The  Chairman  :  The  next  number  on  the  program,  origi- 
nally scheduled  for  yesterday,  is  a  paper  entitled.  Developments 
in  Protective  Apparatus,  by  Mr.  J.  N.  Mahoney,  of  Pittsburgh. 
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^"DEVELOPMENTS  IN  PROTECTIVE  APPARATUS 

Under  the  above  rather  comprehensive  title  this  paper  will 
u%  describe  a  number  of  improvements  that  have  been  made  in  oil 
?«  circuit  breakers,  carbon  circuit  breakers  and  lightning  arresters. 
If  The  manufacturers  of  this  apparatus  have  recently  done  a  great 
'I  deal  of  research  and  development  work  along  these  particular 
^  lines. 

E  This  has  been  brought  about  by  the  unusually  high  voltages, 

»  large  capacities  and  length  of  lines  now  in  common  use  under  the 
9  recent  consolidations  of  numerous  distributing  systems.  Tests 
ii  have  been  made  under  service  conditions  to  demonstrate  the  effi- 
i    ciency  of  these  improvements. 

r 

'r  OIL  CIRCUIT-BREAKERS 

r  GENERAL    POINTS   OF   DESIGN 

In  an  oil  circuit  breaker  there  are  three  qualifications  called 

for:     (i)  It  must  be  insulated  for  the  voltage  at  which  it  is 

?    rated,  (2)  it  must  have  sufficient  carrying  capacity  for  its  rated 

^    current,  and  (3)  it  must  have  sufficient  circuit  breaking  capac- 

*^    ity  to  meet  the  conditions  at  the  point  where  it  is  applied  and 

to  suit  the  character  of  the  service. 

Assuming  the  first  two  qualifications  to  be  met  in  the  product 
of  the  well-known  manufacturers,  at  least  on  apparatus  up  to 
voltages  that  have  been  standard  for  some  years,  the  necessity 
for  the  improvements  described  was  to  meet  the  third  qualification 
under  the  new  conditions. 

BREAKING  CAPACITY 

Oil  breakers  are  made  in  a  variety  of  types  and  sizes  for 
various  breaking  capacities,  ranging  from  a  switch  capable  of 
operating  in  connection  with  a  plant  of  but  a  few  hundred  kilo- 
watts to  those  fpr  service  on  systems  of  several  hundred  thousand 
kilowatts  capacity.  The  breaking  capacity,  or,  as  it  is  variously 
stated,  the  ultimate  breaking  capacity  or  rupturing  capacity,  usu- 
ally takes  into  consideration  only  the  kilovolt-ampere  capacity 
of  the  generating  or  synchronous  apparatus  that  may  supply  the 
breaker  in  event  of  a  short  circuit.  Other  factors  are :  the  con- 
sideration of  the  inherent  reactance  and  characteristics  of  appa- 


ratus  and  the  known  reactance  of  the  lines  between  generating 
apparatus  and  the  breaker,  which  tend  to  reduce  the  short  cir- 
cuit current  that  reaches  the  breaker;  also  the  "speed  of  operat- 
ing" characteristics  of  the  breaker  itself;  the  relation  of  the 
breaker  to  the  lines  and  apparatus  in  a  particular  system;  and 
the  method  of  tripping  the  breaker  or  otherwise  obtaining  auto- 
matic operation. 

To  cite  examples  of  the  speed  of  operation  of  breakers,  it 
may  be  said  that  breakers  tripped  directly  by  series-trip  coils 
or  trip  coils  directly  fed  from  series  transformers  and  acting 
directly  on  the  breaker  mechanism,  will  act  on  short  circuit  in 
approximately  two  to  two  and  one-half  cycles  on  25  cycles,  or 
approximately  one-tenth  of  a  second,  especially  when  the  breaker 
mechanism  is  equipped  with  means  for  accelerating  it  at  a  rate 
greater  than  the  action  of  gravity.  Breakers,  tripped  by  what 
is  known  as  a  shunt-trip  coil  in  some  cases  supplied  with  direct- 
current  through  relays  which  are  in  turn  acted  upon  by  coils 
in  series  with  the  load  current,  or  whose  coils  are  supplied  from 
series  transformers,  take  a  much  greater  time  to  act.  This  will 
vary  in  length  with  the  form  of  relay  used,  with  the  form  and 
inertia  of  the  tripping  mechanism  used,  and  with  the  form  of 
magnetic  circuit  used  in  the  trip  magnet.  The  writer's  expe- 
rience is  that  the  least  time  in  which  one  of  these  combinations 
will  act  is  approximately  one-quarter  of  a  second  or  6  cycles  of  a 
25-cycle  circuit,  and  may  be  almost  any  period  greater  than  that 
determined  wholly  by  the  type  of  breaker  mechanism  and  method 
of  automatic  tripping. 

The  characteristics  of  the  apparatus  supplying  a  circuil 
breaker  under  short-circuit  conditions  are  closely  related  to  the 
speed  of  operation  of  the  breaker  and  the  tripping  means 
employed.  Alternating-current  generating  apparatus  will  develof 
from  five  to  fifty  times  full  load  current  on  direct  short  circuit, 
limited  only  by  the  inherent  reactance  of  the  apparatus  itself,  on 
the  first  few  waves  immediately  subsequent  to  the  application  ol 
the  short  circuit.  The  tendency  of  the  short-circuit  current  is  ti 
decrease  thereafter  until  at  the  end  of  some  small  period — us^ 
ally  in  from  one  to  two  seconds — it  reaches  but  two  to  thre 
times  full  load  current,  which  factor  is  then  known  as  the  "sus 
tained  short-circuit  current."  The  rate  of  this  decrease  vari« 
with  the  different  forms  of  machines,  even  with  those  having  th 
same  maximum  and  sustained  short-circuit  current. 


In  a  system  of  considerable  size  it  may  be  noted  that  with 
iderable  reactance,  provided  either  artificially  or  naturally  by 
ns  of  the  lines  and  transformers  in  circuit  between  the  gen- 
ting  apparatus  and  the  breaker,  short-circuit  currents  at  the 
eaker  may  be  constant,  regardless  of  the  method  of  tripping, 
is  may  be  relatively  small,  compared  with  the  same  breaker 
ituated  on  the  bus  bars  at  the  generating  plant.     In  the  case 
the  breaker  having  considerable  reactance  between  it  and  the 
^K>iirce  of  power  supplied,  the  method  of  tripping  or  speed  of 
^ioperation  would  not  affect  the  current  it  would  be  compelled  to 
Tbreak,  and  the  characteristics  of  the  generators  would  not  have 
"to  be  considered.     In  the  case  of  a  breaker  situated  close  to  the 
generating  apparatus,  all  of  the  above  factors  come  into  con- 
sideration, even  on  breakers  bearing  apparently  the  same  descrip- 
tion of  the  method  of  tripping,  such  as,  for  instance,  "instan- 
taneous   trip."      As    stated    above,    an    instantaneous    direct- 
trip  breaker  may  work  on  the  second  cycle  of  a  25-cycle  circuit 
when  the  current  on  short  circuit  is  practically  at  a  maximum; 
whereas,  instantaneous  relay  trip  breakers  would  not  work  ear- 
lier than  in  6  cycles  of  25  cycles.     Considering  this  fact  in  con- 
nection with  generators  of  widely  different  characteristics,  and 
in  some  cases  having  a  very  steeply  decreasing  characteristic,  the 
instantaneous  relay-trip  breaker  would  be  compelled  to  break  but 
a  small  portion  of  the  current  that  a  direct-trip  breaker  would 
be  forced  to  do  in  the  same  location. 

The  location  of  the  breaker  electrically  in  the  system  affects 
the  work  that  may  come  upon  it  in  another  manner.  As  an 
example  of  this  might  be  mentioned  two  breakers  at  the  ends  of  a 
high-voltage  transmission  line.  Under  the  condition  of  a  short 
circuit  produced  beyond  the  circuit  breaker  at  the  receiving  end, 
this  breaker,  if  it  cleared  the  short  circuit,  would  be  compelled 
to  open  the  circuit  with  a  current  flow  limited  by  reactance  of 
the  generators  and  lines  to  the  point  of  short  circuit  which,  it  is 
assumed,  is  just  beyond  the  receiving  end  breaker.  If  the  breaker 
at  the  station  end  cleared  this  same  short  circuit,  it  would  be 
compelled  to  perform  the  same  work  as  the  breaker  at  the  receiv- 
ing end  and  in  addition  to  take  care  of  the  stored  energy  in  the 
transmission  line  which  tends  to  re-establish  or  maintain  a 
potential  difference  for  a  period  immediately  subsequent  to  the 
clearing  of  the  dynamic  flow  of  current  in  the  circuit  breaker. 


Also,  the  insulating  value  of  the  oil  in  the  breaker  may  be  so 
what  impaired  by  the  arc  of  the  dynamic  current  inuncdii 
preceding  and  before  the  circuit  breaker  has  completed  ibt 
of  operation.    In  addition  to  the  added  work  imposed  an 
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breaker  at  the  gtiierating  end.  when  it  is  located  and  opera 
such  a  manner  that  the  entire  output  of  a  relatively  lai^e 
passes  ihroiiyli  and  it  is  caused  to  operate  under  short- 
condition,  the  stored  energv  in  the  generating  equipment, 
torniers.  etc.,  is  dissii'ate-i  therein.  This  is  in  addition  to  tht 
i'  circii't  Iireakin:;.  wncrras  when  a  number  of  lines  and  c 
;;]i-!ii'!iiiu:  miIkt  a|>p.iratns  are  u|ientle<i  in  parallel  with  t? 
■!;at  may  be  in  lfjiibl<'.  this  energy  is  dissipated  in  the  sysK 
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It  will  be  noted  from  the  several  foregoing  factors  which 

the  application  of  oil  circuit  breakers  that  the  standard 
ting  covers  only  a  given  case ;  hence  to  make  the  best  proposi- 
ti for  all  conditions  these  ratings  given  should  be  exceeded 
some  cases  and  reduced  in  others,  and  the  more  data  available, 
closer  the  proposition  can  be  figured. 

MODERATE  CAPACITY  AND  VOLTAGE  TYPES 

Fig.  I  shows  a  3-pole,  500-ampere,  7500-volt  switchboard  or 
^remaote  mounting  oil  circuit  breaker,  and  illustrates  a  type  of 
breaker  for  moderate  voltages  and  capacities.  It  is  made  in 
switchboard  or  remote  mechanical  control  mounting  and  hand  or 
electrically  operated.  Attention  is  called  to  the  unusually  rugged 
mechanical  design.  It  has  vertical  porcelain  pillars  for  support- 
ing the  contacts  and  conducting  details,  the  contact  details  being 
of  the  moving  wedge  and  stationary  finger  type.  The  oil  tank  ib 
of  heavy  steel  plate  and  has  lap- welded  joints  with  the  bottom 
flanged  and  welded  on  the  outside  of  the  tank  sides.  The  lining 
of  the  tank  consists  of  individual  ''micarta"  sleeves  for  each 
pole  of  the  breaker.  The  supporting  frame  of  the  breaker  has 
a  flange  which  encloses  the  upper  end  of  the  tank  to  restrain 
it  from  distorting  under  internal  pressure.  The  tanks  are  deep 
in  order  to  provide  a  considerable  air  space  above  the  oil  level 
for  the  expansion  of  the  arc  gases  and  to  prevent  the  slopping 
of  the  oil  from  internal  disturbance.  The  gases  are  vented 
through  the  clearance  around  the  wooden  operating  rods 
of  the  frame.  The  porcelain  pillars  are  clamped  in  position,  as 
are  also  the  conducting  studs  and  contact  details  to  the  porcelain 
pillar,  so  that  no  babbitt  or  cement  is  used  in  the  construction. 
Lock  washers  are  used  on  the  clamp  bolts  and  conducting  studs 
to  hold  these  in  position  and  prevent  loosening  from  the  vibra- 
tion and  hammer  blows  that  are  incident  to  the  operation  of  the 
breaker. 

The  contact  improvements  consist  in  having  the  conducting 
tip  on  the  end  of  the  contact  finger  which  engages  the  moving 
contact  wedged  surface,  supported  on  the  end  of  a  thin  steel  spring 
permitting  the  contact  automatically  to  align  itself.  This  spring 
is  shunted  by  a  liberal  sized  copper  leaf,  which  conducts  tbe  cur- 
rent from  the  finger  head,  or  tip  to  the  terminal  stud.  The  contact 
pressure    is   obtained   by    a    second    and   heavier  steel    spring 
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provided  on  its  end  with  a  head  which  applies  the  pressure  owj 
the  center  of  the  contact  tip  of  the  finger.     Several  fingers  utj 
used  per  stud  according  to  the  capacity  of  the   breaker.   Tk] 
initial  position  and  contact  pressure  of  the  several  fingers  is  dete- 
mined  by  a  steel  stop  mounted  on  the  end  of  the  contact  stol' 
and   between    the   two    sets   of   fingers.     The    stop    determioB 
the  opening  between  the  fingers  into  which  the  wedge  enters  ant 
prevents  any  play  of  the  moving  contact  from  causing  trouble  br 
compelling  it  to  enter  between  the  fingers.     A  plunger  ardng 
tip,  a  part  of  the  stationary  contact,  makes  a  butt  contact  engag^ 
ment  with  a  brass  cap  bolt  screwed  into  the  moving  cross  bar. 
This  butt  arcing  tip  maintains  contact  for  a  considerable  distance 
after  the  main  fingers  and  moving  wedge  have  separated.    This 
distance  is  predetermined  by  the  stop  between  fingers  and  is  an 
improvement  on  the  older  forms  in  which  no  stop  or  separate 
arcing  tip  on  both  members  was  provided. 

The  pillars  above  the  frame  together  with  the  exposed  ter- 
minal on  it  are  provided  with  a  moisture-proof  micarta  tube 
for  use  where  the  operator  does  not  otherwise  insulate  these 
exposed  live  terminals. 

Breakers  such  as  those  just  described  are  made  in  capacities 
up  to  600  amperes  and  as  high  as  15,000  volts. 

HIGH    CAPACITY    SELF    CONTAINED    MULTIPOLAR    TYPES  ' 

There  has  been  considerable  development  of  medium  voltage, 
high  capacity,  oil  circuit  breakers  in  which  the  several  poles  of 
the  breaker  are  all  mounted  on  one  nietal  frame,  which  can  be 
supported  on  a  wall  or  other  framework,  complete  with  its  * 
electric  operating  mechanism,  or  operated  mechanically  by  the 
regular  remote  control  mechanism.  This  type  of  breaker  has 
a  separate  tank  for  each  pole,  as  is  usual  with  high  voltage 
and  high  capacity  breakers  in  which  the  several  poles  are  on 
separate  frames.  The  mechanical  details  are  made  very  rugged 
to  withstand  the  high  internal  pressures  due  to  opening  heavy 
short  circuits.  The  porcelain  insulating  details  for  supporting 
the  contacts  are  of  the  pillar  type,  substantially  clamped  in  posi- 
tion, and  the  contact  details  are  in  turn  clamped  to  the  porcelain 
pillars  so  that  repairs  or  replacements  may  be  made  conveniently. 
These  points  are  illustrated  by  referring  to  Fig^.  a  and  3.  The 
range  of  capacities  is  from  300  to  2000  amperes  and  up  to 
25.000  voHs. 


14)  illiistriites  a  i  K),t>CH>-vi»li,  (hx-kiiuirtc,  3-im»1c  breaker  ui  lk 
iiicliHH-  floor  nioiiiitiii^  lyi)e.  i'lic  breaker  s1k>\vii  in  1m^.  9  b 
round  tanks  formed  nnnplete  from  a  single  piece  of  sIltI  v\v- 
out  joints. 

CARBON  BREAK  CIRCUIT  BREAKERS 

Carbon  circuit  breakers  are  now  made  in  standard  sizes  froi 
3-ampere  to  24,000-amperc  capacity,  and  up  to  1500  volts  dirsl 
current.  The  problems  of  design  vary  considerably  with  tti 
circuit  breaking  ability  and  conducting  capacity  required.  In  Ik 
highest  class  of  circuit  breakers  all  of  the  contacts  are  of  Ac 
•*butt"  and  "wiping"  form  under  considerable  pressure  to  aind 
large  capacity  per  square  inch  of  contact  and  good  self-dcHB^ 
action  in  operation.  The  mechanism  is  also  designed  so  Ai 
all  of  the  mechanical  forces  applied  to  the  several  contacts  Ad 
assist  in  opening  the  circuit  breaker. 

In  order  to  meet  the  requirements  of  circuits  and  syslBBS 
havin^^  moderate  capacities,  a  circuit  breaker  of  the  general  4cifp 
shown  in  Fij^s.  11  and  12  has  been  constructed.  In  this  fonntik 
main  switch  arm  carries  laminated  brush-type  contacts  and  sbo 
has  a  spring  contact  member  bearing  on  the  main  contacts  in 
addition  to  the  brush.  This  is  known  as  the  secondary  contact 
and  it  is  arranged  to  remain  in  engagement  after  the  laminated 
contact  has  broken  the  circuit,  but  it  in  turn  interrupts  its  drant 
before  the  carbon  contacts  have  separated.  This  provides  two 
steps  of  relatively  increasing  resistance  in  the  progressive  mow- 
ment  of  opening  the  circuit,  so  that  the  liability  of  an  arc  fonnii^ 
on  the  main  contacts  is  decreased  further  than  where  the  carbon 
auxiliary  contacts  only  are  used.  Circuit  breakers  of  this  dass 
are  made  in  capacities  up  to  800  amperes. 

Referring  to  Fig.  1 1 ,  one  of  the  improvements  noted  is  the  par- 
ticularly rui^ged  construction  secured  by  the  use  of  the  punchings 
of  wrouj^lit  metal  thnnighout.  This  type  of  circuit  bres^ker  is 
designed  primarily  fnr  small  switchboard  and  industrial  service 
np  to  750  volts  direct  or  alternating  current.  The  figure  show; 
a  2-pole  "double-ami,"  "common-trip''  breaker  of  this  type  with 
an  overload  coil  in  each  line  of  the  circuit  and  an  undervoltage 
tri]).  This  form  is  particularly  adapted  to  motor-starting  pur- 
])Oses  on  a  440  or  600-voli  system  having  a  grounded  neutral,  an-' 
(lisiunses  with  the  use  oi  a  separate  switch.  One  pole  can  be 
closet i  at  a  time,  and  if  a  short  circuit  exists,  the  first  pole  clositl 
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are  quite  <Iistiiictive  from  similar  features  in  smaller  circuit  bra 
crs  that  are  not  designed  to  meet  such  extreme  conditions. 

In  Fig,  14,  which  is  an  8000-ampere  hand-operated  cire 
breaker,  is  illustrated  the  general  form  which  this  type  t^ 
in  capacities  from  3000  to  9000  anii>eres. 

Figs.   15  and   16  illustrate  an  electrically   opcrateil  12/x 


ampere,  and  a  16,000-ainpere  hand-operated  circuit  breaV 
respectively,  of  this  general  type,  and  particularly  sV 
(he  iiielhnd  nf  utilizinfj  conducting  material  most  efficiet 
'riivse  L-irciiit  lireakcrs  are  composed  of  four  units  mounted  \ 
con  side  ral  lie  ^pace  between  tiieni  for  efficient  ventilation  and 
reducing  the  skin  cITect  when  used  on  alternating-current  w 
The  similarity  in  design  of  the  details  of  construction  in  f 
.sizes  to  thai  shown  in  I'ig.  1,^  of  the  lower  capacities  nf 
.■same  type,  will  he  nnted.  The  ventilated  form  shown  in  I 
15  and   Hi  is  made  in  i-a])acities  from  10.000  to  J4,(i;xi  aniper 


The  contact  studs,  which  project  through  the  panel,  are  in  two 
^orms,  which  are  known  as  round  or  "solid/*  and  "laminated" 
studs.  The  round  stud  consists  simply  of  a  bar  of  copper, 
^tegral  with  the  contact  head  and  threaded  to  receive  the  clamp- 
'^g  nuts  passing  through  the  switchboard* panel.  The  laminated 
-C)nstruction  is  particularly  adaptable  to  alternating-current  and 
^  large  capacity  direct-current  work,  and  is  illustrated  in  Fig.  1$. 

LIGHTNING  PROTECTION 

In  lightning  protection  the  aluminum  electrolytic  arrester 
tands  supreme,  and  is  rapidly  displacing  all  other  types  wherever 
lie  larger  investment  is  justified  by  the  apparatus  to  be  protected 
>r  the  severity  of  the  conditions  to  be  met.  The  custom  of 
iaily  charging,  that  is  now  pretty  well  established,  results  in 
j^eneral  freedom  from  the  trouble  of  dissolved  off  films  ana 
estiltant  excessive  charging  currents  that  once  existed.  The 
ISC  for  several  years  of  an  inorganic  electrolyte  has  shown  its 
^reat  superiority  over  any  organic  electrolyte,  because  of  its 
reedom  from  the  tendency  to  form  a  mold  and  siphon  the 
olution  out  of  the  trays  that  is  so  characteristic  of  organic 
electrolytes  such  as  tartrates.  The  shape  of  the  aluminum  trays 
ihemselves  is  of  great  importance,  much  better  results  being 
Dbtained  by  the  use  of  annular  trays,  which  offer  a  larger  area  to 
the  electrolyte  than  other  standard  shapes,  and  allowing  the  cool- 
ing oil  to  circulate  up  through  the  center  of  the  tray  columns 
Vihere  it  is  most  needed. 

When  electrolytic  arresters  were  first  used  all  efforts  were 
directed  to  making  them  rugged  and  reliable.  Now  that  these 
results  have  been  obtained,  the  present  tendency  is  toward  refine- 
nient  of  design.  The  size  of  the  pipe  frame  structures  that  carry 
the  horn  gaps  is  being  reduced  as  much  as  possible  to  save  space, 
while  the  size  of  tanks  is  being  reduced  and  their  insulation 
improved  by  the  use  of  insulating  linings. 

When  electrolytic  arresters  are  charged,  the  arrester  ads 
as  a  condenser  in  series  with  a  spark  gap,  and  there  is  a  tendency 
io  set  up  high  frequency  oscillations,  which  may  cause  injury 
to  the  terminal  apparatus.  This  may  be  especially  severe  where 
the  film  has  been  partially  dissolved  and  the  charging  current  is 
abnormally  high.  However,  with  daily  charging  the  film  should 
never  fall  so  low  as  to  endanger  well  builfc  transformers.    When, 
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on  the  other  hand,  electrolytic  arresters  are  used  for  the  protectioD 
of  generators  directly  connected  to  the  line  whose  slot  insulation 
is  necessarily  comparatively  weak,  or  for  the  protection  of  caUe 
systems,  whose  stored  electrostatic  energy  is  great,  it  is  better  to 
use  a  so-called  "charging  resistance"  to  limit  any  excessive  flow 
of  charging  current  and  damp  out  any  tendency  to  oscillations. 
Such  a  resistance  is  so  connected  in  that  it  does  not  interfere 
with  the  freedom  of  a  lightning  discharge.  While  with  proper 
care  of  the  arrester  this  charging  resistance  is  not  required, 
except  in  the  cases  mentioned,  it  can  of  course  be  used  with  any 
electrolytic  arrester  as  an  added  precaution. 

While  the  electrolytic  arrester  affords  better  protection  than 
any  other  type,  there  are  many  cases  where  an  arrester  of  its 
high  cost  is  not  warranted  or  where  lack  of  attendance  would 
make  it  impossible  to  charge  the  arrester  daily.  For  these  cases 
the  type  of  arrester  making  use  of  a  number  of  non-arcing  metal 
gaps,  together  with  series  or  shunting  resistances  or  both,  affords 
excellent  protection  and  has  been  used  for  many  years  with 
success. 

Every  year  transmission  line  voltages  grow  higher  and 
arresters  have  to  be  designed  to  keep  the  pace.  Arresters  of  the 
electrolytic  type  are  now  available  up  to  165,000  volts,  which  is 
the  highest  voltage  so  far  adopted  commercially. 

DISCUSSION 

Mr.  R.  \^  Ward,  Joliet,  111. :  I  want  to  ask  of  Mr.  Mahoney 
if  he  has  any  detailed  information  to  offer  in  regard  to  protecting 
the  pole  type  of  switches  from  lightning,  particularly  the  terminals 
inside  of  the  cages. 

Mr.  Mahoney:  Of  course,  that  would  refer  to  a  particular 
type  of  design.  Lower  voltage  switches  of  course  always  have 
a  shorter  distance  between  terminals  than  those  of  higher  voltage, 
and  as  lightning  is  the  same  value  in  every  case,  the  low  voltage 
switch  is  more  liable  to  go  down  than  one  of  higher  voltage.  Pole 
type  oil  switches  are  now  made  with  porcelain  barriers  between 
poles  and  porcelain  tubes  over  the  terminals.  I  do  not  think 
there  is  any  switch  even  for  2200-volt  service  that  will  not  stand 
a  50,000-voltage  test  when  new.  No  factor  of  safety  could  be 
calculated  that  would  be  better  than  that. 
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Mr.  Ward:  You  consider  that  switches  as  now  manufac- 
tured are  adequate  without  special  protection  against  lightning? 

Mr.  Mahoney  :  Yes ;  unless  the  lightning  is  unusually  sev- 
ere. There  are  parts  of  the  country,  like  Denver,  where  the 
best  protection  that  can  be  obtained  is  none  too  good. 

Mr.  K.  E.  Van  Kuran,  Los  Angeles,  Cal. ;  Mr.  Chairman, 
I  would  like  to  ask  Mr.  Mahoney  what  experiments  have  been 
made  on  the  reactance  type  of  breaker  to  determine  whether  or 
not  this  type  is  of  assistance  in  eliminating  surging. 

Mr.  Mahoney:  An  analysis  of  the  design  of  the  breaker 
will  show  that  it  does  prevent  surging.  Demonstrations  to 
verify  this  have  also  been  made  with  the  oscillograph.  The  fact 
that  an  ordinary  oil-breaker  attempts  to  cut  the  circuit  open  in 
one-half  a  cycle,  you  can  readily  imagine,  is  the  worst  possible 
condition.  It  endeavors  to  make  a  most  complete  change  in  the 
circuit  conditions  as  rapidly  as  it  is  physically  possible  to  make 
it.  If  you  should  attempt  to  stop  a  flow  of  water  in  hydraulics 
instantly,  you  know  what  the  result  would  be.  It  is  the  same 
in  an  electrical  circuit.  If  you  endeavor  to  open  a  large  current 
flow  in  one-half  a  cycle,  you  are  trying  to  dissipate  the  complete 
magnetic  energy  or  electro-static  energy  in  the  line  instantly, 
which  it  is  practically  impossible  to  do.  In  some  of  the  ordinary 
forms  of  oil-switch  having  sufficiently  strong  details,  the  first 
several  cycles  or  so  after  the  break  carry  an  arc  through  the 
oil  accompanied  by  considerable  disturbance,  and  dissipate  the 
energy  in  that  way.  In  the  reactance  breaker  the  first  set  of 
contacts  merely  cuts  in  reactance.  This  reactance  is  of  rela- 
tively small  dimensions  and  is  self-contained  in  the  breaker. 
The  mechanism  of  the  two  sets  of  contacts  is  connected  positively 
together,  so  that  they  follow  one  another  in  definite  sequence, 
just  as  rapidly  as  we  can  make  them.  However,  there  are  at 
least  two  cycles  interposed  between  the  operation  of  one  set  of 
contacts  and  the  other,  permitting  the  line  to  equalize  its  changed 
condition  through  the  reactance.  The  surge  that  may  have 
started,  which  is  relatively  small,  due  to  the  circuit  not  being 
opened  completely,*  dissipates  itself  in  the  resistance  of  the  line, 
the  resistance  of  the  reactance  coil  and  the  reactance  of  the  coil. 
This  holds  down  the  surging,  so  that  when  the  final  break  occurs, 
a  few  cycles  later,  it  has  not  only  reduced  the  possibility  of  surges 
but  absorbed  them.     The  next  change,  as  opening  the  second  or 
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final  set  of  contacts,  is  a  relatively  small  one,  because  of  break- 
ing a  much  smaller  current,  making  a  much  smaller  change  in 
the  condition  of  the  circuit  than  with  an  ordinary  oil  circuit 
breaker.  It  stands  to  reason  that  you  can  make  a  large  change 
from  a  maximum  to  a  small  value  without  opening  the  circuit, 
and  still  make  a  very  small  change  in  the  circuit  conditions. 

The  Chairman  :  If  there  be  no  further  discussion  we  will 
pass  on  to  the  next  paper  entitled  Transmission  Line  Construc- 
tion, prepared  by  Mr.  R.  D.  Coombs,  of  New  York  City.  C 


TRANSMISSION  LINE  CONSTRUCTION 

The  very  rapid  increase  in  the  number  as  well  as  in  the 
mileage  of  electric  power  transmission  lines  together  with  the 
fact  that  practically  all  of  the  national  engineering  associations 
interested  therein  have  agreed  upon  a  standard  specification  gov- 
erning the  construction  of  such  lines  at  the  points  where  a  for- 
eign interest  exists,  i,  e.,  at  the  crossings,  has  done  much  to  spread 
an  intelligent  interest  in  line  construction.  However,  as  is  usual 
in  a  growing  industry,  no  standard  has  been  universally  accepted. 
Further,  it  is  not  possible  for  any  one  specification  or  standard 
of  construction  to  be  universally  applicable,  unless  such  a  stand- 
ard has  some  elasticity  and  is  interpreted  and  enforced  with 
intelligence.  It  is  within  the  bounds  of  probability  that  the 
f  ramers  of  any  national  specification  would  welcome  discussion 
and  data  tending  either  to  prove  the  advisability  of  the  adopted 
standard  or  to  show  wherein  it  might  be  revised  or  extended. 
Each  of  our  accepted  construction  specifications  has  been  the 
result,  first,  of  earnest  analysis  of  the  methods  current  up  to 
the  date  of  the  issue  of  such  specification,  and,  thereafter,  of 
the  revision  or  addition  of  requirements  based  upon  practical 
experience  and  growth  of  the  art.  It  has  also  been  true  that 
many  of  the  commonly  accepted  types  or  methods  of  construc- 
tion and  many  of  the  requirements  of  a '  general  specification 
have  been  subject  to  criticism.  Such  criticism,  while  honest, 
does  not  always  take  into  consideration  the  varying  conditions 
under  which  the  engineers  of  a  continent  must  work,  nor  the  fact 
that  the  financial  and  executive  side  of  any  problem  must  be 
given  great  weight  in  its  analysis.  We  are  all  too  prone  to 
regard  our  own  pet  method  as  the  only  good  method,  whereas 
the  fact  is,  that  construction  methods  may  vary  widely  and 
often  no  one  may  determine  which  of  two  installations  has  the 
greater  value.  However,  the  engineers  interested  in  transmis- 
sion line  construction  should  now  be  able  to  determine  more 
definitely  which  details  have  become  obsolete  and  which  new 
methods  arc  worthy  of  wider  adoption. 

In  any  attempt  at  standardization,  either  for  one  operating 
company  or  in  a  national  specification,  it  is  very  necessary  to 
weigh  carefully  the  result  both  in  cost  and  in  operation,  of  the 
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adoption  of  any  general  mechanical  requirement.  An  assuin;^- 
tion  appearing  innocent  and  harmless  may  become  a  very  serious 
matter  if  applied  to  all  future  construction,  through  the  too  com- 
mon practise  of  copying  or  compiling  specifications. 

Location  and  Clearances 

It  is  doubtful  whether  engineers  and  executives  realize  the 
extent  to  which  undesirable  construction  is  installed,  due  to 
inadequate  efforts  to  obtain  the  necessary  concessions  on  the  pan 
of  outside  interests.  Isolated  trees,  of  perhaps  no  particular 
value,  have  compelled  the  use  of  high  poles  or  the  unnecessary 
grading  up  of  pole  lines.  Without  wishing  to  appear  an  advo- 
cate of  some  of  the  common  methods  of  "tree  trimming,"  the 
writer  believes  that  one  large  scraggly  tree,  more  or  less  decayed 
remaining  along  a  curb  line  where  the  other  trees  are  of  reccot 
regular  growth,  should  not  be  allowed  to  interfere  with  the  proper 
location  of  all  the  wires  in  that  street. 

Everywhere  throughout  the  country,  there  are  towns  in 
which  the  telephone,  lighting  and  power  lines  occupy  all  sorts 
of  zones,  gradually  getting  higher  and  higher,  until  the  latest 
line  is  driven  to  pole  heights  extremely  difficult  to  obtain.  It  will 
also  be  found  that  many  telephone  lines  have  overbuilt  the  pres- 
ent power  wires  and  occupy  the  zone  which  should  be  used  by 
future  power  wires  of  higher  voltage.  Whatever  their  attitude 
in  the  past,  it  is  probable  that  the  telephone  and  telegraph  com- 
panies will  now  be  very  willing  to  lower  their  lines  into  their 
proper  location,  i.  c,  that  nearest  the  ground.  It  will  be  to  the 
advantage  of  any  power  company  to  confer  with  the  telephone 
or  low  voltage  interests  and  arrange,  by  whatever  mutual  con- 
cessions are  advisable,  to  shift  the  various  lines  into  their  proper 
relative  positions,  with  the  highest  voltages  on  top. 

The  elimination  of  unnecessary  poles  is  a  matter  which  is  not 
receiving  sufficient  attention.  Three  of  four  pole  lines  along  the 
same  street  are  a  relic  of  the  barbarous  days  of  a  certain  type 
of  competition,  and  have  now  little  excuse  either  in  politics  or 
economics.  Two  examples  occur  to  the  writer  which  may  be 
worth  repetition.  In  one,  the  local  manager  of  the  electric  com- 
pany photographed  the  old  pole  lines  in  his  town  and  then  removed 
every  unnecessary  pole  except  those  controlled  by  another  and 
unfriendly  interest.     After  photographing  the  streets  anew,  his 
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company  was  in  a  position  to  acquire  considerable  merit  from  the 
city  authorities,  not  excluding  the  fire  chief.  In  the  second  case, 
the  writer's  company  having  to  construct  a  steel  pole  line  through 
a  thriving  little  town,  found  the  only  vacant  zone  for  the  wires 
was  from  60  to  70  feet  above  the  street.  After  a  conference 
with  the  various  interests,  except  the  tree  owners,  it  was  decided 
to  remodel  the  lines  in  that  town,  at  least  along  certain  streets, 
and  to  place  them  all  in  their  proper  zones.  As  a  result  two  or 
three  trees,  semi-decayed  relics  of  an  earlier  day,  were  either 
trimmed  to  conform  with  the  rest  of  the  trees  in  that  street  or 
cut  down.  Some  four  or  five  telephone  lines  were  lowered  from 
a  height  of  40  or  50  feet  to  a  zone  about  28  feet  above  the 
street,  and  the  electric  light  lines  placed  in  a  zone  about  35  feet 
above  the  street,  enabling  the  new  high-tension  wires  to  be  placed 
about  45  feet  up  instead  of  60  to  70  feet  as  originally  thought 
necessary. 

It  is  far  better  to  lower  existing  wires  than  to  raise  the  new 
line  above  its  theoretical  zone.  The  stress  upon  the  poles 
increases  in  direct  proportion  to  the  height,  and  in  addition  the 
higher  poles  do  not  receive  the  same  relative  protection  from 
the  wind. 

The  height  of  the  wires  above  the  ground  need  not  remain 
the  same  throughout  a  long  line  in  country  which  is  partly  barren 
and  hilly  and  partly  agricultural.  There  would  seem  to  be  little 
reason  to  provide  clearance  for  a  hay  wagon  on  some  hill- 
side locations. 

Loading 

The  Joint  Report  specifications  for  crossings  require  a  fig- 
ured loading  of  yi  in.  thickness  of  ice  -f  8  lb.  per  sq.  ft.  wind  pres- 
sure on  the  ice-covered  diameter  of  wires.  This  loading  was 
considered  by  the  framers  of  the  specification  as  generally  rea- 
sonable, and  with  the  designated  factor  of  safety,  etc.,  to  pro- 
vide the  proper  construction  for  a  crossing.  It  is  not  denied  that 
greater  thicknesses  of  ice  than  J4  in.,  or  greater  pressures  of  wind 
than  8  lb.  may  occur,  but  it  is  improbable  that  they  will  occur  in 
conjunction  over  such  areas  or  so  frequently  as  to  make  it  desir- 
able to  impose  a  greater  loading  upon  all  future  work.  All  the 
spans  in  a  given  line  would  never  be  subjected  to  the  maximum 
figured  load,  nor  would   a   number  of  adjacent  short  spans, 
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or  one  very  long  span,  be  likely  to  receive  the  maximnn 
load  over  every  lineal  foot.  It  is  true  that  telephone  lines  fai 
every  winter,  and  perhaps  that  some  old  or  incorrectly  built  bv 
voltage  lines  occasionally  fall,  but  the  writer,  at  least,  has  yet 
to  learn  of  the  failure  of  a  wire  strung,  even  approximately,  i^ 
to  the  Joint  Report  requirements.  Further,  it  should  be  remem- 
bered that  the  loading  and  the  factor  of  safety  in  question— and 
these  factors  must  be  considered  in  conjunction — were  recom- 
mended for  crossings  and  for  crossings  only.  They  have  no: 
as  yet  been  recommended  by  any  authoritative  body  for  general 
intermediate  line  construction. 

Before  a  standard  loading  for  general  line  construction  can 
be  adopted,  it  is  necessary  to  study  the  effect  upon  the  design, 
of  the  loading,  the  factor  of  safety  and  any  requirement  as  to 
broken  wires. 

Assuming  that  a  crossing  is,  at  least  in  the  estimation  of  the 
company  crossed,  more  important  than  an  ordinary  span,  the  next 
question  is  how  much  may  be  spent  to  minimize  failure  In  any 
other  span.  Bridges  and  buildings  are  not  designed  to  with- 
stand tornadoes,  nor  need  power  wires  be  absolutely  immune  from 
failure.  It  is,  however,  becoming  more  and  more  imp>ortant  to 
provide  continuity  of  service  and  to  establish  a  standard  which 
will  satisfy  all  conflicting  interests  without  unduly  burdening 
a  great  industry. 

The  writer  believes  that  no  consideration  need  be  given 
accidental  loads  due  to  falling  objects  such  as  trees,  etc.,  and 
that  a  single  ice  and  wind  load  will  very  satisfactorily  apply  in 
nearly  every  part  of  this  country.  It  is  true  that  in  certain 
localities  either  a  smaller  or  a  larger  loading  may  be  justifiable, 
and  that  some  installations  may  warrant  greater  security  than 
others,  but  these  are  questions  of  engineering  judgment  and 
should  not  influence  general  construction. 

The  assumed  load  upon  the  wires  should  be  as  nearly  as 
possible  equal  to  the  maximum  loading  that  may  be  expected 
upon  some  indeterminate  number  of  spans  at  some  indeterminate 
interval  of  time.  One  or  more  spans  in  a  given  line  may  con- 
ceivably, and  properly,  receive  a  greater  loading  during  their 
lifetime.  Such  excess  loads,  may,  or  may  not,  be  rendered  harm- 
less by  the  factor  of  safety.  A  large  factor  of  safety  will  un- 
(Iniibtedly  continue  to  protect  inaccurate  assumptions  of  loading, 
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^  but  unreasonable  loads  and  impossible  stresses  do  not  establish 
^  wise  engineering  standards.  If  the  factor  of  safety  will  eliminate 
nearly  all  the  failures  due  to  the  ordinary  faults  of  manipula- 
tion, either  in  manufacture  or  in  the  field,  and  provide  for  a  rea- 
sonable variation  in  the  assumed  load  and  for  such  deterioration 
as  ihay  be  expected  in  the  material,  it  has  served  its  purpose. 
Any  decrease  in  such  a  factor  may  be  dangerous  but  any  increase 
will  certainly  be  extravagant. 

In  determinfng  upon  a  proper  wire  loading  and  the  factor  of 
safety  to  be  used,  it  is  important  to  bear  in  mind  the  effect  of 
any  further  requirement  such  as  a  provision  for  dead-ending  or 
carrying  broken  wires,  inasmuch  as  the  effect  of  the  latter  require- 
ment is  to  impose  from  5  to  40  times  the  former  loading  upon  the 
insulator  connections  and  the  supporting  structures.  Dead-end- 
ing and  comer  turning  are  different  only  in  degree,  and  design- 
ing for  a  broken  wire  load  is  more  or  less  equivalent  to  designing 
all  structures  as  corner  structures. 

It  has  sometimes  been  specified  that  the  thickness  of  sleet 
should  be  a  factor  of  the  diameter  of  the  wire — ^an  assumption 
which  is  not  borne  out  by  the  facts.  Indeed  the  effect  of  the 
sleet  load  is  far  greater  upon  small  wires,  owing  to  the  relative 
amount  of  surface  which  the  ice  presents  to  the  wind.  In  that 
view  at  least  a  diameter  factor  would  have  to  be  reversed,  thus 
making  the  whole  contention  rather  ridiculous.  Again,  some 
specifications  have  provided  for  a  load  of  J4  i^^-  of  ice  +  8  lb. 
per  ^q.  ft.  wind  pressure  with  a  stress  limit  of  9/10  of  the 
elastic  limit  of  the  wire,  while  at  least  one  crossing  specification 
contains  the  severe  requirement  of  yi  in.  of  ice  -f-  20  lb.  per 
sq.  ft.  wind  pressure  with  a  stress  limit  of  4/10  of  the  ultimate 
strength  of  the  wire.  In. order  to  more  clearly  indicate  the  rela- 
tive effect  of  various  loadings  the  approximate  curves  in  Fig.  i, 
have  been  prepared  to  show  the  normal  sag.  (60  deg.  fahr., 
unloaded)  of  a  No.  i,  B.  &  S.,  H.  D.  stranded  copper  wire 
corresponding  to : 

(i)....i/a  in.  ice  -f  30.0  lb.  wind  (1^0,  mi.  p.  hr.)  max.  stress,  4/10  ultimate,  =  1580  lb. 

(2). ...I      "      "        a.8   '*      •*      (40,    '*     •'  "  )  **  "         x/a        '*  =1080'* 

(3)....x/a  "      *•       8.0    "      "      (70, )  '•  *•         i/a        **  =1980** 

(4)....t/a  •*      **        8.0    ••      "       (70,    "      "  *'  )  "  **  6/10      *'  =a37o** 

(5)... .1/4**      •*       8.0   ••      »•      (70."     **  *'  )  "         "        9/10  elastic     :«  aiio '* 


Fig.  2  is  a  graphical  representatioii  o{  the  rektive  effect  of 
what  is  tenned  balanced  transverse  loading  and  a  broken  wire 
condition.  The  ordinates  are  the  ratios  of  one  broken  wire  to 
one  double  span  unbroken.  In  other  words,  the  ordinates  show 
how  many  times  more  severe  a  broken  wire  condition  is  than 


the  same  wire  unbroken  under  identical  ice  and  wind  loads- 
For  instance,  a  No.  i  hard-drawn  stranded  copper  wire  in  spans 
of  200  feet,  would,  for  a  broken  wire  condition,  impose  i6 
times  as  much  stress  upon  its  support  as  it  would  under  balanced 


loading.  In  detenu iiiiiig  upon  a  mechanical  factor  of  safety 
for  any  material  it  is  customary,  whether  so  stated  or  not,  to 
assume  certain  portions  of  the  factor  as' safeguarding  each  of  the 
possible  elements  of  danger,  such  as  errors  of  design,  workmanship. 


excess  loads  and  deterioration  of  material.  In  the  case  of  wire 
cables,  a  relatively  low  factor  may  be  assumed,  since  the  material 
of  a  wire  catenary,  both  as  material  and  as  a  structural  mem- 
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ber,  is  more  uniform  in  section,  strength  and  elasticity,  and  kss 
influenced  by  eccentric  loads  or  errors  of  workmanship,  than  anj 
other  engineering  structure.  Failure  in  the  wires  may  therefore 
be  considered  as  usually  confined  to  electrical  failures,  i.  e.,  those 
due  to  arcs  out  in  the  span  or  at  the  insulators.  Assuming  the 
provision  of  adequate  clearance  and  proper  spacing  of  wires  is 
the  span,  the  majority  of  wire  troubles  should  occur  at  the  inso- 
lators.  Further,  and  in  view  of  the  small  number  of  failures 
per  insulator  in  the  existing  installations,  it  would  seem  that  the 
increasing  tendency  to  improve  the  insulation  should  have  some 
effect  in  lowering  the  number  of  broken  wires  per  support 

In  consideration  of  the  above  it  is,  to  the  writer's  mind  at 
least,  utterly  indefensible  to  assume  a  severe  broken  wire  cod- 
dition  in  designing  all  poles  and  towers.  Particularly  is  this  true 
if  future  construction  is  to  be  in  actual  instead  of  fancied  accord- 
ance with  the  specifications.  There  can  be  no  engineering  justi- 
fication for  a  specification  which  premises  a  larg^e  proportion  of 
wires  broken  under  full  load,  when  the  attachments  of  the  wires, 
as  installed,  would  not  withstand  any  considerable  part  of  sndi 
load.  Again  it  is  probably  a  fact  that  many  of  the  structures  in 
existing  lines  are  not  as  strong  as  the  original  test  structure. 
This  may  be  due  to  a  variety  of  causes,  such  as  local  injury 
or  incipient  bends  in  light  sections,  lack  of  rigidity  in  the  founda- 
tions, weakness  against  torsion,  and  last  but  not  least,  to  the  usual 
difference  between  a  test  specimen  and  the  least  j>erfect  field 
product. 

In  working  backward  from  the  results  of  practical  expe- 
rience over  large  areas,  the  tendency  is  to  overestimate  both  the 
actual  loading  and  the  strength  of  the  structures.  In  other 
words,  many  existing  lines,  particularly  the  heavy  wooden  pole 
lines,  remain  in  service  not  because  they  have  a  strength  equi- 
valent to  some  recent  requirements  but  simply  because  they  have 
never  been  subjected  to  such  loads.  Therefore  if  a  severe  mechan- 
ical requirement  is  placed  in  a  standard  specification  it  must  be 
assumed  that  designers  will  eventually  be  driven  to  a  literal  com- 
pliance therewith,  and  the  net  result  will  not  be  equivalent  to 
the  designs  of  the  transition  period  upon  which  the  requirement  is 
supposed  to  be  founded.  The  writer  is  no  advocate  of  shoddy 
construction,  and  wishes  merely  to  emphasize  the  importance  of 
a  clear  understanding  of  what  is  actually  to  be  accomplished  and 
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to  remove  the  temptation  to  indulge  in  mental  reservations  in  the 
presence  of  an  impracticable  requirement. 

Foundations 

The  proper  penetration  of  wooden  poles  is  the  result  of  many 
years  of  actual  experience  under  the  varying  conditions  of  dif- 
ferent soils.  It  is  not  a  matter  which  may  be  determined  accu- 
rately and  readily  by  a  mathematical  formula.  In  an  ideal  for- 
mula there  must  be  a  variable  "constant,"  the  value  of  which 
depends  upon  the  particular  soil  in  question.  Inasmuch  as  it 
is  impracticable  to  make  advance  tests  of  the  soil  conditions  on 
a  long  transmission  line,  it  is  necessary  either  to  have  two  stand- 
ards or  to  design  a  single  foundation  which  will  provide  safely  for 
ordinary  variations  in  the  soil. 

In  an  attempt  to  reduce  the  cost  of  the  original  installation 
a  number  of  lines  have  been  built  with  weak  foundations.  Some 
of  these  supports  have  already  failed  and  the  length  of  service 
of  others  is  a  matter  of  conjecture.  It  is  true  that  the  founda- 
tion cost  in  wide  base  structures  may  be  comparatively  high,  but 
the  insurance  value  of  a  good  foundation  is  well  worth  its  cost. 
The  use  of  shallow  foundations  is  doubtless  due  in  a  measure  to 
the  methods  in  vogue  in  testing  towers.  A  test  tower  on  a 
concrete  or  metal  foundation  not  only  gives  no  information  in 
regard  to  the  subsequent  foundation,  but  includes  a  false  sense  of 
security  both  in  the  probable  action  of  the  foundation,  and  in  the 
tower  itself. 

The  foundation  has  in  fact  two  functions,  first,  to  prevent 
uplift,  and  second,  to  provide  against  buckling  at  the  point  of 
maximum  leverage;  and  a  foundation  member  or  ground  stub 
which  is  not  firmly  supported  against  horizontal  movement  at 
the  grotind  line  may  introduce  stresses  not  contemplated  by  the 
designer.  A  test  tower  upon  a  rigid  foundation  will  give  higher 
test  values  than  the  line  towers  in  actual  service,  and  the  test 
is  therefore  deceptive  by  the  amount  representing  the  effect 
of  this  rigidity.  In  structures  in  which  the  main  legs  are  unsup- 
ported for  relatively  large  values  of        ,  or  in  which  the  tower 

r 

Itself  has  much  less  strength  in  one  direction  than  in  the  other, 
a  rigid  anchorage  is  necessary  to  provide  the  conditions  assumed 
in  the  design.  In  some  soils  certain  pole  and  tower  designs  have 
a  strength  in  excess  of  that  of  the  foundation  against  overturn- 
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ing,  the  result  being  that  the  weakest  feature  of  the  line  is  not 
even  suspected  by  the  line  department  until  failure  occurs.  There 
are  no  pole  penetrations  of  less  than  5  ft.  in  the  standard  pole 
settings  for  wooden  poles,  but  metal  structures  have  been  de- 
signed with  penetrations  of  3  ft  6  in.,  which  is  not  as  deep  as 
the  ordinary  frost  line. 

The  protection  of  the  metal  in  the  anchorage,  is  naturally  of 
vital  importance  to  the  permanence  of  the  structure.  If  there  are 
some  localities  in  which  galvanizing  is  no  real  protection  there 
are  also  places  where  galvanizing  is  more  economical  than  paint 
If  the  anchorage  is  encased  in  concrete,  the  encased  portion  may 
safely  be  considered  as  having  a  longer  life  than  the  superstruc- 
ture. The  point  of  entrance  of  the  metal  into  the  concrete  is 
usually  considered  to  be  the  location  of  the  future  maximum 
corrosion,  whether  the  structure  is  painted  or  galvanized'.  The 
writer  believes  that  this  assumption  is  not  always  correct,  and 
that  the  location  of  future  deterioration  will  depend  upon  the 
relative  effect  of  acids,  etc.,  carried  by  air  currents  to  the  upper 
portions  of  the  structure,  versus  the  amount  of  dirt  and  water 
at  the  base.  However,  there  can  be  no  question  of  the  propriety 
of  ground  metal  protection,  and  data  upon  the  results  obtained 
by  galvanizing,  concrete,  asphalt,  tar,  treated  burlap,  additional 
coats  of  paint,  etc.,  are  needed.  In  spite  of  the  claims  for  various 
less-corrodible  steels,  there  does  not  seem  to  be  any  extended  use 
of  such  metal  in  bridge  work,  where  it  would  be  an  economy  if 
practicable,  so  that  proper  installation,  inspection,  and  mainte- 
nance are  as  yet  the  only  safeguards  available. 

Ground  Wires 

Admitting  that  the  present  period  is  one  of  transition  from 
the  poor  mechanical  construction  of  some  older  lines,  there  is 
little  excuse,  in  theory  at  least,  for  some  of  the  newer  develop- 
ments. In  the  light  of  our  present  knowledge  a  ground  or  sky 
wire  seems  a  desirable  addition  to  lines  of  11,000  volts  or  more. 
If,  however,  the  ground  wire  is  of  less  permanent  material  than 
the  power  wires  under  it,  or  improperly  connected  to  the  supports, 
it  becomes  a  menace  rather  than  a  safeguard.  It  is  hardly  imagin- 
able that  a  poorly  constructed  ground  wire  will  not,  at  some 
future  day,  put  the  line  below  out  of  service. 

The  relative  merits  of  galvanized  steel,  galvanized  iron,  cop- 
per-covered or  copper  wire  are  perhaps  not  definitely  fixed  for  all 
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ie;conditions,  but  the  writer  ventures  the  assertion  that  the  quest  i 
-^is  worthy  of  much  more  careful  consideration  than  it  has  thus 
^fax  received.    If  a  long,  smooth,  well-rounded  wire  seat  in  the 
r,.  clamps  is  a  wise  provision  for  the  attachment  of  the  power  wires, 
,,  why  in  the  name  of  common  sense  is  it  not  equally  desirable  in 

the  ground  wire  which  over  builds  the  power  wires  ? 
^  It  is  a  matter  of  common  knowledge  that  a  short  rigid 

-i  metallic  connection  with  a  small  U  or  hook  bolt  biting  into  the 
^  wire  has  a  tendency  to  cause  wire  failure.  Why  then  does  any- 
^  one  install  such  a  connection  in  the  very  worst  possible  place  on 
;  a  power  line? 

The  ground  wire  connection  differs  from  the  power  connec- 
^  tions  in  that  it  is  usually  treated  as  a  dead-end  connection  at  every 
pole  or  tower.    A  variation  in  sag  due  to  the  accidental  or  inten- 
J  tional  slip  of  a  power  wire  has  less  opportunity  to  make  trouble 
1  than  a  similar  slip  in  the  ground  wire.     In  the  case  of  the  so-called 
flexible  towers — by  which  is  meant  those  having  little  theoretical 
strength  in  the  direction  of  the  line — a  firmly  attached  ground 
I   wire  is  needed  to  serve  as  a  partial  g^y  to  help  minimize  the 
*  extent  of  tower  failure.    The  ground  wire  attachment  will  there- 
^   fore  usually  be  well  tightened,  whatever  may  be  the  fact  in  the 
power  wire  attachments.     If  then  the  small  rigid  power  wire 
clamps  have  been  the  cause  of  line  wire  failure,  is  it  not  ex- 
tremely probable  that  similar  connections  will  eventually  develop 
ground  wire  failures? 

On  certain  types  of  supporting  structures  the  ground  wire 
is  connected  to  a  vertical  earth  wire  leading  to  a  ground  plate 
beneath  the  support.  This  connection  should  be  arranged  to 
preserve,  as  much  as  possible,  the  original  strength  of  the  ground 
wire.  The  "down"  attachment  is  necessarily  at  the  point  of 
maximum  mechanical  stress  in  the  ground  wire,  and  therefore 
soldered  or  bent  connections  are  particularly  undesirable. 

Grounded  Arms 

The  relative  cost  of  maintenance  versus  the  insulating  qual- 
ities of  wooden  and  metal  cross-arms  is  still  an  open  question. 
For  the  higher  voltages  the  metal  arm  is  now  more  common  and 
is  probably  preferable,  the  debatable  ground  being  for  voltages 
between  5000  and  20,000  volts.  Within  these  limits  it  is  believed 
that  the  operating  department  will  usually  favor  wooden  arms. 
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although  the  maintenance  of  the  arms  alone  may  be  higher  tha 
with  metal  arms.  The  matter  is  further  complicated  by  the 
requirements  for  grounding  and  holding  power  wires  in  cased 
insulator  or  wire  failure  at  crossings.  The  advocates  of  mebl 
arms  and  a  ground  strip,  ground  arm,  or  arcing  cap  must,  k 
order  to  prove  the  efficiency  of  the  device,  assume  that  the  insD- 
lators  will  need  no  help  from  the  insulating  value  of  the  ann. 
and  that  the  wires  falling  from  a  shattered  insulator  can  in  some 
manner  be  prevented  from  leaving  the  support. 

In  some  cases  an  auxiliary  or  second  attachment  of  the  power 
wire  is  used,  but  unfortunately  this  is  not  always  as  e£Fective  as 
it  appears.  For  instance,  if  such  an  arrangement  contemplates 
the  use  of  a  dead-end  connection  on  a  pin  insulator,  it  is  in  itsdf 
undesirable,  and  mechanically  impracticable  for  heavy  stresses. 
It  has  also  been  proposed  that  the  wire  be  protected  from  arcs 
by  the  use  of  an  arcing  strip,  cap,  etc.,  but  this  is  not  literally 
effective  -if  a  shattered  insulator  will  allow  the  attachment  and 
the  wire  to  fall.  Again,  it  is  not  always  possible  by  the  use  of 
any  device  at  the  support  to  prevent  a  wire  broken  out  in  a  span 
from  coming  in  contact  with  a  line  beneath  it.  However,  as  the 
great  majority  of  failures  should  occur  at  the  insulators,  it  wooM 
seem  wise  to  neglect  this  possibility  and  concentrate  attendoo 
upon  other  features  of  the  connection  at  the  supports. 

In  the  writer's  opinion  too  little  value  has  been  attached  to 
the  ability  of  a  wire  to  hold,  over  a  doubled  span  length,  in  case  of 
pole  faihire.  For  the  ordinary  short  span  construction  and  rea- 
sonably low  voltages  there  is  little  reason  to  doubt  that  the  wire 
will  at  least  be  less  liable  to  injury  if  there  is  no  grounded  ann. 
Therefore  any  grounding  device  should  include  provision  to  min- 
imize any  actual  separation  of  the  wire  into  two  spans,  either 
of  which  may  fall. 

The  introduction  of  a  grounded  arm  is  also  vehemently 
opposed  by  those  responsible  for  the  safety  of  line-men  who  work 
on  live  wires.  The  limiting  voltage  of  such  work  is  not  constant 
throughout  all  climates,  and  if  wooden  poles  are  used  it  is  un- 
questionably a  hazard  to  ground  the  arms. 

Supports 

The  poles  or  towers  used  up  to  the  present  time  have  been  of 
wood,  steel  and  reinforced  concrete  and  they  have  been  used  in  the 
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'i  order  given,  both  as  to  numbers  and  priority  of  installation.  The 
*  wooden  pole,  still  the  most  common  form  of  support,  particu- 
^  larly  for  low- voltage  lines,  has  several  objectionable  features  m 
^  that  it  deteriorates  rather  rapidly,  is  subject  to  fire,  and  its  cost 
\- 18  increasing.  Under  certain  conditions  the  wooden  pole  is,  how- 
^  ever,  still  economically  sound  construction  even  for  high-tension 
lines,  although  the  time  is  not  far  distant  when  it  will  be  no  longer 
'  good  practise  for  a  first-class  installation. 

In  changing  from  wood  to  metal,  however,  we  may  profitably 
pause  to  consider  some  of  the  characteristics  of  the  structure 
which  have  rendered  possible  our  progress  in  line  construction. 
In  theory  as  well  as  in  fact  the  wooden  pole  is  a  precedent  for 
the  metal  structure,  and  a  too  violent  divergence  from  some  of 
its  good  features  may  result  in  structures  not  relatively  as  excel- 
lent as  the  wood  they  replace.  A  well-selected  timber  pole  is 
very  nearly  of  the  ideal  outline,  due  to  the  fact  that  the  stresses 
imposed  upon  it  in  its  original  life  were  almost  identical  in  nature 
with  those  in  pole  line  service.  It  should  not  be  forgotten  that 
a  wooden  pole  has  equal  strength  in  all  directions,  both  with  and 
across  the  line,  and  a  comparatively  large  strength  in  torsion. 
These  qualities  tend  to  minimize  the  effect  of  accidental  loads 
or  loads  other  than  those  assumed  in  design.  Again,  the  wooden 
pole  has  considerable  elasticity  but  not  complete  flexibility,  a  char- 
acteristic which  enables  it  to  deflect  enough  to  equalize  most 
unbalanced  loadings  while  opposing  a  very  considerable  restrain- 
ing force  against  the  spread  of  failures  along  the  line.  This  semi- 
flexible  feature  of  a  wooden  pole,  which  is  also  obtainable  in 
steel  or  reinforced  concrete,  is  probably  of  much  greater  advan- 
tage than  is  generally  realized.  The  final  general  characteristic 
of  the  wooden  pole  is  that  it  is  not  easily  injured  in  handling,  and 
requires  very  little  intelligence  to  install.  There  are  no  long  thin 
sections  which  may  be  bent  and  rendered  useless  and  no  con- 
siderable number  of  flimsy  connections  in  the  make-up  of  a 
wooden  pole.  That  the  above  good  qualities  have  been  largely 
instrumental  in  securing  the  excellent  record  of  wooden  poles  in 
line  work  cannot  be  doubted  by  the  analyst,  and  their  lesson 
is  well  worth  attention. 

The  more  permanent  types  of  support  may  be  divided  into  the 
rigid  wide  base  steel  tower,  the  semi-flexible  pole,  either  of  steel  or 
reinforced  concrete,  and  the  flexible  steel  pole  or  frame.    Apart 
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from  their  relative  cost  for  any  given  line,  there  is  to  be  con- 
sidered the  ultimate  adaptability  of  the  type.  This  adaptability 
will  involve  the  questions  of  protective  coatings,  of  rights  of 
way,  of  freedom  from  serious  interruptions  to  service,  and  finaUy, 
and  to  the  writer's  mind  of  very  considerable  importance,  of  the 
relative  prominence  given  the  installation. 

Under  favorable  climatic  conditions,  particularly  over  rough 
unsettled  country  where  all  maintenance  operations  are  expensive, 
galvanizing  is  thought  to  be  more  economical  than  painting,  at 
least  for  wide  base  towers.  In  the  more  compact  structures 
the  cost  of  painting  is  reduced  owing  to  the  ease  with  which  a 
painter  can  move  about.  No  very  definite  knowledge  exists  as  to  the 
regions  in  which  galvanizing  does  not  afford  proper  protection, 
although  it  is  generally  assumed  as  being  unsatisfactory  in  the 
neighborhood  of  coke  ovens,  smelters,  steam  plants,  etc.,  and 
near  the  seacoast.  It  may  also  be  true  that  certain  soils,  such 
as  swamps,  induce  rapid  deterioration.  It  should  be  noted  that 
the  use  of  sections  ^  in.  in  thickness  presupposes  that  their  pro- 
tection by  galvanizing  will  be  absolutely  effective.  The  galvan- 
izing of  structural  members — by  the  hot  process — can  be  done  in 
a  very  uniform  manner  and  in  strict  accordance  with  the  stand- 
ard requirement,  even  though  the  real  efficiency  of  the  average 
inspection  is  open  to  question.  The  standard  test  is  an  acceler- 
ated specimen  test,  and  although  the  only  practicable  one,  is  sub- 
ject to  the  usual  criticisms  of  such  tests. 

In  painted  structures  the  careless  application  of  paint  and  the 
use  of  inferior  grades  of  paint  cannot  be  too  strongly  condenined. 
Although  paints  vary  in  price  from  about  40  cents  to  $140  per 
gal.,  the  possible  saving  is  small  compared  with  the  risk  of  deterio- 
ration. The  usual  requirements  for  painting  are  few  in  number 
and  impossible  of  misinterpretation,  but  unfortunately  they  are 
more  honored  in  the  breach  than  in  the  observance.  It  seems  nec- 
essary therefore  that  the  executive  department  insist  upon  proper 
inspection  and  maintenance,  as  the  mere  insertion  of  the  usual 
clauses  in  a  specification  has,  as  yet,  failed  to  produce  the  con- 
templated result. 

In  the  progress  of  a  rapidly  growing  industry  there  is  always 
a  tendency  to  apply  methods  of  work  to  sections  of  the  country  to 
which  they  are  less  adapted  than  the  locality  of  their  prcviotts 
successful  use.    To  the  writer's  mind  the  adoption  of  the  so- 
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called  wind-mill  tower  in  the  more  densely  populated  and  more 
severe  climatic  conditions  of  the  East,  may  not  be  judicious.  In 
such  regions,  there  are  two  considerations  other  than  cost,  i.  e., 
the  undue  prominence  of  the  line  and  the  great  importance  of 
failures.  The  wind-mill  tower  is  rather  noticeable,  but  it  pro- 
vides a  type  of  support  with  which  failures  are  practically  con- 
fined to  one  span.  The  flexible  frame  is  not  so  noticeable,  but  it 
has  little  or  no  strength  in  one  direction  and  will  therefore 
presumably  be  subjected  to  a  more  severe  type  of  failure.  The 
semi-flexible  pole  or  tower,  occupying  a  position  about  midway 
between  the  two  types  of  structure  mentioned,  has  at  least  a 
theoretical  advantage  over  either.  While  some  flexibility  is  useful 
in  a  narrow  base  structure,  in  order  to  permit  "pull  back"  from 
adjoining  span  wires,  the  amount  of  the  movement  of  the  pole 
top  need  not  be  excessive.  In  actual  service  heretofore  this 
movement  cannot  have  been  very  great,  for  the  simple  reason 
that  the  commonly  used  attachments  have  not  sufficient  strength 
to  develop  such  unbalanced  wire  tensions.  The  desideratum  is 
perhaps  a  certain  elasticity  rather  than  extreme  flexibility.  In 
fact,  a  reasonable  bending  or  semi-flexibility  is  obtainable  even  in 
reinforced  concrete. 

In  sparsely  settled  country  or  where  the  right  of  way  is  for 
any  reason  not  accessible  or  not  subject  to  cultivation,  the  spread 
of  tower  bases  is  unimportant.  If  more  than  one  high-voltage 
line  will  be  placed  upon  a  private  right  of  way,  the  separation  of 
the  lines  will  usually  depend  upon  factors  other  than  the  spread 
of  the  bases.  When  land  is  more  valuable  the  wide-base  tower 
may  be  impracticable.  For  instance,  there  will  probably  be  many 
power  lines  placed  upon  the  rights  of  way  of  the  interurban 
electric  lines.  The  development  is  natural  and  necessary,  but 
railroad  rights  of  way  do  not  provide  space  for  wide-base  con- 
struction. 

The  wide-base  tower  and  the  semi-flexible  pole  should,  when 
properly  designed,  provide  the  maximum  security  against  inter- 
ruptions to  service  caused  by  insulator  or  wire  failure.  The 
greater  strengths  possible  in  such  structures  allow  the  use  of 
longer  spans,  with  a  consequent  reduction  in  the  number  of 
insulators,  and  the  probabilities  of  insulator  failure  are  thereby 
lessened.  In  ca^e  of  wire  failure,  whether  due  primarily  to  insu- 
lator failure  or  not,  the  spread  of  such  failure  along  the  line  is 
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arrested  before  it  has  influenced  more  tlian  a  span  or  two.     The 
remaining  factor  of  adaptability,  i.  e.,  the  relative  prominence  of 
the  various  structures  in  the  landscape  may  prove  of  considerable 
subsequent  importance.    The  writer  does  not  mean  to  imply  that 
a  transmission  line  may  be  made  decorative,  but  rather  that  it  be 
made  inconspicuous.    Even  in  regard  to  decorative  effect,  it  is  not 
absolutely  necessary  that  it  be  an  ungainly  blot  upon  the  land- 
scape.    Some  regard  to  pleasing  outlines  is  not  amiss,  and  it  is  a 
well-known  structural  fact  that  a  graceful  design  is  usually  eco- 
nomical.    If  lines  situated  in  settled  communities  are  to  remain 
undisturbed  for  any  considerable  period  of  time  hereafter,  they 
will  have  to  be  either  unobjectionable  in  performance  or  invisible. 

The  design  of  steel  or  reinforced-concrete  poles  and  towers 
is  fortunately  becoming  less  hampered  by  demands  for  excessive 
cheapness,  and  the  regulations  current  in  other  structural  work 
are  no  longer  entirely  disregarded.  The  wisdom  of  this  should 
be  apparent  when  it  is  considered  that  a  few  hundreds  or  thou- 
sands of  dollars  "saved"  on  the  line  construction  may  jeopardize 
the  efficiency  of  an  investment  of  millions  of  dollars.  It  is  true 
that  thus  far  existing  construction  has  given  fairly  satisfactory 
service,  but  it  is  equally  true  that  the  more  extended  use  of 
faulty  designs  would  eventually  bring  disrepute  upon  the  indus- 
try and  through  failures  invite  the  enforcement  of  severe  regu- 
lations by  various  authorities. 

In  any  type  of  support  the  importance  of  eliminating  long 
unsupported  members  and  of  providing  a  firm  rigid  base  is  now 
becoming  more  generally  recognized.  In  poles  and  towers  as  in 
any  other  kind  of  construction,  a  poor  foundation  results  in  a 
poor  superstructure,  and  it  is  probable  that  there  have  been  more 
actual  tower  failures  due  to  or  superinduced  by  faulty  foundation 
design  than  from  any  other  cause. 

There  has  been  a  very  general  elimination  of  the  rod  bracing 
with  faulty  end  connections,  inherited  from  the  old  wind-mill 
practise.  For  years  the  rule  in  other  classes  of  structural  woik 
has  been  to  require  rod  bracing  to  be  made  adjustable,  usually 
by  means  of  right  and  left  threads. 

A  long  slender  member  is  not  well  adapted  to  take  com- 
pression and  it  has  been  customary  in  other  work  to  limit  the 
relation  of  the  length  to  the  radius  of  gyration.  In  transmission 
line  construction  very  much  higher  values  of  this  ratio  have  been 
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Used  than  are  generally  permitted.  It  is  probably  not  necessary 
to  adhere  to  the  low  limits  of  building  construction,  but  it  is 
equally  probable  that  too  much  latitude  has  been  taken  in  some 
cases  heretofore.  The  writer  recalls  the  rather  incredulous  air 
mrith  which  some  members  of  another  engineering  society  received 

his  statement  that  ratios  of  —  of  200  to  300  had  been  used  in 

tower  work. 

Admitting  that  there  is  a  difference  in  the  kind  of  service  or, 
in  all  events,  in  the  number  of  applications  of  the  load,  between 
tower  and  building  work,  there  is  a  very  marked  variation  in 
the  attitude  toward  bolted  connections  in  the  two  types  of  con- 
struction. In  building  work  single  bolts  are  discouraged  or  if 
used,  low  strength  values  are  allowed.  In  tower  work  all  con- 
nections are  bolted,  and  the  majority  are  one-bolt  connections  in 
which  no  reduction  of  value  is  asstuned. 

Theoretically  a  one-bolt  connection  should  be  further  reduced 
as  the  full  strength  of  the  connected  member  is  not  available — 
this  is  never  so  assumed  in  tower  work.  Again,  the  bearing  of 
a  bolt  is  assumed  as  being  upon  a  surface  as  thick  as  the  member ; 
in  fact,  the  bearing  will  be  only  upon  a  line. 

The  use  of  cast  iron  or  malleable  iron  has  been  almost  elim- 
inated from  general  structural  work,  and  similar  progress  is  now 
being  made  in  poles  and  towers.  The  more  recent  designs  of 
transmission  line  supports  do  not  employ  any  castings  in  the 
main  structure,  although  they  are  properly  applicable  to  the  wire 
connections.  Similar  reasoning  should  prohibit  the  use  of  cast- 
ings in  the  working  parts  of  reinforced  concrete  poles,  such  as 
in  hoops  or  bands. 

In  conclusion  and  in  order  to  promote  a  discussion  upon 
proper  line  construction  particularly  for  voltages  in  excess  of 
6600  volts,  the  writer  hopes  to  present  informally  his  views  on 
desirable  detail  requirements.  (Mr.  Coombs  had  with  him  a 
draft  specification.) 

DISCUSSION 

Mr.  Eric  A.  Lof,  Schenectady,  N.  Y. :  I  shall  not  attempt 
to  discuss  this  paper  in  detail,  but  I  would  like  to  call  to  your 
attention  some  quite  serious  interruptions  that  have  occurred 
during  the  past  winter  in  connection  with   transmission  lines 
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having  suspension  insulators,  troubles  which  must  be  considered 
in  designing  new  lines.  They  are  caused  by  the  formation  of 
sleet  on  the  wire.  The  sleet  falls  off  the  alternate  wires,  but 
remains  on  the  middle  wire,  we  will  say,  so  that  this  wire  sags 
down  and  touches  the  other,  causing  a  short  circuit.  The  lines 
affected  have  usually  been  those  using  double  circuits  with  the 
wires  suspended  vertically  below  each  other,  and,  of  course,  the 
only  way  to  remedy  the  difficulty  would  be  to  increase  the 
spacing,  or,  as  some  companies  are  doing  now,  increase  the 
length  of  the  middle  arm  so  that  the  wires  do  not  swing  below 
each  other.  Some  very  important  new  lines  have  been  designed 
that  way. 

Another  source  of  trouble  that  has  developed  has  been  with 
the  connections  of  aluminum  lines.  The  wind  lifts  both  the  wires 
and  the  insulators,  and  as  in  some  cases  the  insulators  are 
raised  quite  close  up  to  the  crossarms,  there  is  danger  of  the 
wires  touching  the  crossarms.  That  has  been  overcome,  in  one 
case  I  know  of,  by  placing  weights  underneath  the  insulators, 
so  as  to  make  the  string  rather  heavy. 

Another  thing  which  must  be  looked  out  for  is  that  the 
sleet  may  fall  off  one  span,  which,  of  course,  throws  an  addi- 
tion strain  on  the  tower. 

Mr.  F.  B.  H.  Paine,  Buffalo,  N.  Y. :  It  is  very  gratifying 
to  find  a  structural  engineer,  who  is  competent  in  other  lines 
of  work,  willing  to  throw  aside  some  of  his  previously  con- 
ceived ideas  and  adapt  structural  designs  to  the  requirements  of 
line  construction.     It  is  not  a  common  occurrence. 

One  most  important  value  in   Mr.   Coombs'  paper  is  his 
urging  of  good  construction.     I  have  not  had  an  opportunity 
to  go  over  it  in  detail,  or  over  the  specifications  to  which  he 
has  referred.     They  are,  I  know,  however,  from  an  acquaintance 
with  his  methods,  representative  of  good  construction,  not  the 
only  way  to  do  it,  but  a  good  way  to  do  it.     It  does  not  cost 
any  more  in  the  beginning  to  do  work  right  than  it  does  to  do  it 
almost  right.    The  saving  in   reconstruction  and  maintenance 
will  over-weigh  any  possible  temporary  economy  obtained  by 
slighting  mechanical  strength.    The  inspection  of  transmission 
lines,  particularly  across  country,  is  very  hard  to  do  properly, 
and  maintenance  is  a  matter  of  some  difficulty,  so  that  good 
construction  is  well  worth  while. 
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^  Mr.  a.  N.  Richardson,  Kansas  City,  Mo. :  We  rebuilt  a  num- 

-^ber  of  our  66,000- volt  crossings  recently,  and  immediately  had 
^'  trouble  with  their  burning  down  during  lightning  storms.  We  con- 
^  duded  it  was  due  to  the  wooden  cross-arms  used  in  the  con- 
^  struction.  We  attributed  it  to  the  fact  that  that  was  the  point 
^  of  least  insulation  on  the  line,  and  concluding  that  we  should 
^''  have  more  insulation  at  that  point,  we  placed  insulators  on  these 
-^t  crossings  where  we  had  standardized  according  to  specifications 
=^.2  with  a  latter  factor  of  safety.  We  feel  that  our  experience 
3a  proves  quite  conclusively  that  on  a  wooden  pole  line  with  wooden 
e   cross-arms  you  have  your  weakest  point  right  at  the  spot  where 

your  intentions  are  to  have  it  safest. 
2  Mr.  C.  p.  Osborne,  Portland,  Ore. :  I  was  very  much  inter- 

n  ested  in  Mr.  Coombs'  paper.  In  Oregon,  we  have,  perhaps, 
IS  conditions  different  from  what  you  have  in  the  East,  inasmuch 
2?  as  we  are  troubled  more  or  less  with  sleet  storms.  Two  years  ago 
a  on  a  6o,ooo-volt  wooden  pole  line  about  30  miles  long,  one  storm 
2:  covered  about  nine  miles  with  four-and-an-eighth  inches  of  sleet, 
solid  ice.  That  was  measured  by  myself  four  times  in  different 
.'  places,  so  I  am  sure  I  am  right.  It  is  needless  to  say  the 
p.     line  went  down. 

We  have  a  right-of-way  100  feet  wide,  and  on  that  right- 
of-way  we  have  four  lines,  one  33-cycle,  30,000-volt,  and  three 
60-cycle,  60,000  volt.  Of  course,  you  may  say  it  is  not  sound 
electrical  construction  to  have  so  many  lines  on  a  loo-foot  right- 
of-way,  as  it  makes  the  separation  rather  small.  In  some  oscil- 
lograph records  which  we  have  taken,  while  our  tests  were 
made  on  the  60-cycle,  yet  you  can  see  the  33-cycle  tests. 
Dr.  Steinmetz,  of  the  General  Electric  Co.,  now  has  these 
records,  and  he  is  making  us  a  report  on  the  trouble  we 
are  having  with  the  suspension  type  of  Ohio  Brass  Co.  insu- 
lators. We  are,  I  believe,  the  only  people  in  the  world  that 
have  failed.  It  is  really  a  sore  spot  with  us.  We  have  spent 
a  quarter  of  a  million  dollars  on  a  power  line  which  we  expected 
to  be  absolutely  reliable.  Our  pole  line  has  not  given  any  trou- 
ble, but  we  have  punctures,  not  flash-overs,  on  the  suspension 
type  of  insulators. 

A  question  comes  up  in  my  mind,  and  I  seem  to  have  been 
about  the  only  one  in  the  country  who  has  thought  of  it,  whether  a 
very  large  wireless  station,  about  six  miles  from  Portland,  could 
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affect  us.  It  is  set  in  a  hollow,  with  hills  all  around  it,  anl 
is  about  300  miles  from  our  power  house.  The  surges  we  gd 
in  that  line  at  times  are  enormous,  and  the  eight  break-doirm 
that  we  have  had  on  it  certainly,  to  use  an  old  expression,  ha« 
got  our  goat. 

Mr.  Payne  :  You  have  punctures  in  your  suspension  insut 
tors  when  they  are  set  in  the  strain  position  ? 

Mr.  Osborne  :  The  punctures  are  all  over  the  line. 

Mr.  Paine:  But  do  you  ever  find  them  in  the  suspended 
insulators? 

Mr.  Osborne:  They  are  in  the  suspended  insulators.  Three 
of  the  punctures  have  been  where  the  insulators  hung  straight 
down.  Four  of  them  have  been  on  curves ;  one  of  them  was  on 
a  dead  end.  We  are  very  much  interested  in  finding-  out  why  we 
have  trouble  when  nobody  else  does. 

Mr.  Paine:  There  is  plenty  of  trouble  with  all  makes  of  sus- 
pension insulators  used  in  strain,  and  apparently  the  experiments 
to  which  Mr.  Austin  referred  yesterday  show  that  it  was  because 
of  their  elastic  limit,  if  I  may  use  that  expression  in  r^^ard  to 
porcelain ;  but  I  am  surprised  to  hear  of  it  in  a  suspended  insu- 
lator. 

Mr.  Osborne:  Mr.  Austin  spent  a  month  with  us  and  he 
found  that  the  trouble  was  not  caused  by  mechanical  overstrain 
of  the  insulators. 

Mr.  Paine:    How  can  you  be  sure  of  that? 

Mr.  Osborne:  That  is  something  he  went  into  ver}'  thor- 
oughly. Of  course,  we  only  had  his  word  for  it.  He  said  that 
we  had  not  overstrained  the  insulators  mechanically  in  the  slecl 
storm. 

Mr.  Coombs:  Had  the  insulators  which  failed  been  sub- 
jected even  in  a  suspension  position  to  a  very  heavy  sleet  load? 
I  will  admit  that  in  a  vertical  position  the  mechanical  load  is 
not  very  j^^reat,  it  is  well  within  the  strength  of  the  insulators 
which  is  probably  about  9000  pounds.  However,  I  believe  the 
whole  matter  is  one  of  the  fatigue  of  material  and  I  Mronder  what 
those  particular  insulators  had  gone  through  in  the  way  of  a 
very  heavy  or  a  comparatively  heavy  mechanical  load. 

Mr.  Osborne:  I  will  say  this,  that  the  first  three  punctures 
we  had  came  before  any  sleet  storm  had  occurred.  This  is 
something  that  we  are  really  very  much  worried  about,  I  assure 
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FIRST  TECHNICAL  SESSION 


Tuesday  Afternoon,  June  3 


The  Chairman,  Vice-President  J.  B.  McCall:  Will  you 
please  come  to  order,  gentlemen.  The  first  business  of  the  meet- 
ing is  the  Report  of  the  Meter  Committee.  I  would  like  to 
make  just  one  little  announcement  beforehand  so  that  it  will  be 
understood.  We  have  the  Report  of  the  Lamp  Committee  and 
two  papers  on  Incandescent  Lamps,  and  in  order  to  save  as  much 
time  as  possible,  it  is  my  thought  to  have  those  papers  read 
before  any  discussion  is  had,  as  they  are  on  a  kindred  subject. 
I  will  have  you  bear  that  in  mind,  so  that  when  we  come  to  the 
point  of  discussion,  you  will  understand  it.  I  will  call  upon  Mr. 
W.  H.  Fellows,  of  Washington,  Chairman  of  the  Committee. 


REPORT  OF  THE  COMMITTEE  ON  METERS 

INTRODUCTION 

Since  early  in  the  year  1910,  your  Committees  have  been  wofk- 
ing  with  the  Meter  Committee  of  the  Association  of  Edison  IDih 
minating  Companies,  formulating  a  code  for  electricity  meters. 
Last  year  this  code  was  revised  and  completed  by  the  joint  com- 
mittees, and  it  is  now  presented  in  its  latest  f  onxi,  as  a  part  of 
this  report.  It  has  proved  to  be  an  invaluable  guide  to  Public 
Service  Commissions  in  formulating  rules  for  electricity  meter 
practise  as  well  as  to  member  companies.  That  the  establishment 
and  operation  of  Public  Service  Commissions  is  an  active  topic  is 
indicated  by  the  citation  of  new  and  revised  laws  and  rules  bear- 
ing on  this  subject. 

The  Electrical  Meterman's  Handbook,  published  last  year, 
has  filled  a  long  felt  want,  and  no  members  of  the  meter  depart- 
ment, or  of  any  other  branch  in  a  public  utility  org^anization  can 
afford  to  be  without  a  copy  of  this  valuable  book.  It  has  been 
valuable  also  in  establishing  standards  which  have  indicated  to 
Public  Service  Commissions  what  is  best  practise  in  the  measure- 
ment of  electricity.  Having  in  mind  the  revision  of  this  hand- 
book at  some  future  time,  information  has  been  gathered  from 
which  subject  matter  may  be  taken  for  the  handbook.  An  imme- 
diate revision  is  not  contemplated,  however. 

Last  year  the  Committee  on  Meters  had  before  it  for  con- 
sideration a  standard  form  of  dial  face  for  watt-hour  meters,  and 
a  form  has  now  been  approved  by  your  present  Committee,  and 
the  Meter  Committee  of  the  Association  of  Edison  Illuminating 
Companies.  A  letter  signed  by  the  chairmen  of  the  committees 
of  both  associations,  giving  specifications  for  and  a  cut  of  this 
standard  dial  face,  was  sent  to  the  different  manufacturers,  and 
the  co-oi)eration  of  most  of  these  has  been  assured. 

The  matter  of  metering  rapidly  fluctuating  loads,  and  the 
standardization  of  meter  and  instrument  connections  when  used 
with  instrument  transformers,  have  been  both  discussed  and 
investigated  by  the  Committee.  The  tentative  ideas  of  the  Com- 
mittee as  expressed  herein,  will,  it  is  hoped,  receive  attention  and 
lead  to  a  discussion  of  these  very  important  subjects. 
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Because  of  the  tendency  among  our  companies  to  abandon 
frequencies  higher  than  60  cycle  and  to  change  entire  systems 
I  accordingly,  it  was  considered  advisable  to  have  tests  made  upon 
induction  watt-hour  meters  while  operating  upon  standard  fre- 
quencies other  than  those  for  which  the  meters  were  designed. 
Some  very  interesting,  instructive  and  valuable  data  were 
obtained. 

The  Conunittee  wishes  to  extend  thanks  to  Messrs.  E.  F. 
Brooks,  P.  G.  Agnew,  T.  T.  Fitch,  and  C.  L.  Huber  of  the 
Bureau  of  Standards,  for  valuable  assistance  rendered. 

RECOMMENDED  STANDARD  DIAL  FACE  FOR  WATT-HOUR 

METERS 

The  report  of  last  year's  Committee  on  Meters  showed  the 
desirability  of  devising,  for  general  adoption,  a  standard  form  of 
dial  face  marking,  and  the  active  Committee,  jointly  with  the 
Meter  Committee  of  the  Association  of  Edison  Illuminating  Com- 
panies has  resumed  negotiations  at  the  point  to  which  they  had 
been  carried  by  the  former  Committee. 

The  result  of  the  deliberation  of  the  joint  committees  is  pre- 
sented for  your  consideration  in  the  specifications  given  herewith 
and  the  illustration  of  the  dial  face  designed. 

Specifications 

The  standard  dial  face  for  watt-hour  meters  should  consist 
of  four  circles  as  shown  in  the  accompanying  illustrations. 

"The  wording,  to  appear  on  the  direct  reading  dial  face, 
should  consist  of  the  words  'kilowatt-hours'  below  the  dials, 
and  on  registers  requiring  a  register  constant  other  than  unity, 
the  wording  should  consist  of  'kilowatt-hours'  below  the  dials 
and  'multiply  by '  above  the  dials. 

"When  register  constants  other  than  unity  are  used,  they 
should  be  ten  (10)  or  integral  powers  thereof. 

"The  circles  on  the  dial  should  have  a  minimum  diameter  of 
three-quarters  (}i)  of  an  inch  and  should  have  the  digits  zero 
(o)  to  nine  (9)  placed  vertically  as  in  the  accompanying  illustra- 
tions ;  no  wording,  other  than  mentioned  herein,  to  appear  on  the 
dial  face. 

"A  dull  finish  either  in  metal  or  porcelain  enamel  is  to  be 
preferred  to  a  surfac\e  with  a  glaze. 
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''We  recommend  diat  dial  faces  conforming  to  these  specifi( 
tions  be  placed  on  all  watt-hour  meters  of  sudi  types  as  may 
made  by  your  company  in  the  future." 

As  will  be  seen,  the  G>mmittee  has  secured  a  simple,  co: 
venient,  economical  and  easily  read  design,  having  only  the 
sary  features,  and  with  no  possibility  of  misinterpreting  the  valtm^ 
of  the  digits. 


Dthect  Reading  Dial  Face 


MULTIPLY  BY 


KILOWATT-HOURS 


Dial  Face  With  Register  Constant  Other  Than  Unity 

Fig.  I 
Approved  Standakd  Marking  For  Watt-hour  Meter  Dial  Face       -^ 


W 


A  copy  of  these  specifications,  with  a  proof  of  the  dial 
design  has  been  sent  to  all  manufacturers  of  electricity  meters 
America.     The  Committee  reports  with  much  satisfaction  tb:^^^ 
favorable  replies  have  been  received  from  practically  all  of  the^^- 
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EFFECT  OF  USING  INDUCTION  WATT-HOUR  METERS  ON 
FREQUENCIES  OTHER  THAN  THOSE  FOR  WHICH 

THEY  WERE  DESIGNED 

One  page  399  of  the  Electrical  Meterman's  Handbook  is  a 
paragraph  pertaining  to  change  in  frequency  made  upon  a  sys- 
tem, and  its  consequent  effect  upon  accurate  metering.  While  it 
is  possibly  not  so  apparent,  it  is  nevertheless  no  more  correct  to 
place  an  induction  meter  on  continuous  current  than  it  is  to 
operate  a  60-cycle  meter  on  25  cycles.  In  other  words,^  large 
errors  will  result  from  the  use  o£  induction  watt-hour  meters  on 
frequencies  for  which  they  are  not  designed.  In  some  cases, 
however,  meters  are  arranged  for  use  on  either  of  two  frequencies 
by  means  of  slight  changes  recommended  by  the  manufacturer. 

There  seemed  to  be  a  lack  of  data  on  this  subject  and-it  has 
therefore  been  investigated.  The  Committee  requested  the  United 
States  Bureau  of  Standards  to  make  tests  upon  several  ty|)es  of 
5-ampere,  iio-volt,  induction  watt-hour  meters,  the  results  of 
which  follow : 

A  denotes     5  ampere,  no  volt,  power  factor  unity 
B  denotes     5  ampere,  no  volt,  power  factor  o.^o 
C  denotes  0.5  ampere,  zzo  volt,  power  factor  unity 


133-CYCLE 

METERS 

Percent  afje  of 

Percenuge  of 

Percentage  i 

of 

Accuracy 

Accuracy 

Accuracy 

133  Cycles 

60  Cycles 

23  Cycles 

Make               Type 

A 

B 

C 

A 

B 

c 

A 

B 

C 

Gen.  Elec. 

I 

102 

lOI 

lOI 

106 

39 

107 

53 

-48 

SO 

Gen.  Elec 

Iio 

97 

96 

97 

116 

lOI 

116 

lOI 

53 

105 

Westinghotise 

B 

100 

lOI 

lOI 

102 

93 

103 

93 

66 

96 

Westinghouse 

C 

100 

lOI 

100 

103 

95 

103 

95 

72 

97 

Westinghouse 

OA 

99 

102 

lOI 

104 

98 

106 

92 

58 

97 

Ft.  Wajrnc 

K 

99 

99 

99 

lOI 

87 

103 

69 

28 

68 

Ft  Wayne 

K3 

103 

100 

102 

107 

93 

108 

87 

49 

87 

Ft  Wayne 

K4 

lOI 

102 

100 

107 

71 

107 

77 

00 

75 

Sangamo 

H 

100 

103 

lOI 

194 

91 

107 

83 

48 

1 

Duncan 

M 

100 

103 

99 

108 

72 

III 

60 
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60-CYCLE  METERS 

Pei 
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ot 
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of 
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of 

Accuracy 

Accuracy 

Accuracy 

'33  Cycles 

60  Cycles 

25  Cycles 

Make              Type 

A 

B 

C 

A 

B 

c 

A 

B 

C 

Gen.  Elec 

I 

79 

116 

82 

100 

105 

102 

87 

17 

90 

Gen.  Elec 

Iio 

81 

97 

71 

100 

99 

93 

87 

40 

83 

Westinghouse 

B 

92 

109 

92 

97 

100 

99 

93 

69 

88 

Westinghouse 

C 

94 

114 

94 

100 

lOI 

99 

92 

72 

93 

Westinghouse 

OA 

94 
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^ 

100 

100 

100 

88 

53 

91 

Ft  Wayne 

K 

94 

118 

lOI 

1 01 

lOI 

75 

40 

77 

Ft  Wayne 

K3 

92 

107 

91 

lOI 

100 

100 

87 

57 

86 

Ft  Wayne 

K4 

90 

108 

92 

100 

100 

lOI 

88 

6S 

90 

Sangamo 

H 

94 

122 

94 

102 

103 

lOI 

80 

52 

80 

Duncan 

M 

91 

109 

94 

100 

100 

100 

64 

45 

62 

Columbia 

Ci 

lOI 

71 

98 

lOI 

98 

102 

54 

59 

59 
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25-CYCLE  METERS 


Make  Type 

Gen.  Elec.  I 

Gen.  Elec.  1 10 

Westinghouse  C 

Westinghouse  OA 

Ft  Wayne  K 

Ft  Wayne  K3 

Ft  Wayne  K4 

Sangamo  H 

Columbia  Ci 


Percentage  01 
Accuracy 


Percentnge  ot 
Accuracy 
60  Cycles 
A  B 


45 
50 

67 
66 

80 

54 

51 

132 


METER 

Make  Type 

Gen.  Elec.  I 

Gen.  Elec.  I 

Gen.  Elec.  I 

Gen.  Elec  1 10 

Gen.  Elec.  1 10 

Gen.  Elec.  1 10 

Westinghouse  B 

Westinghouse  B 

Westinghouse  C 

Westinghouse  C 

Westinghouse  C 

Westinghouse  OA 

Westinghouse  OA 

Westinghouse  OA 

Ft.  Wayne  K 

Ft.  Wayne  K 

Ft  Wayne  K 

Ft  Wayne  K3 

Ft.  Wayne  K3 

Ft.  Wayne  K3 

Ft.  Wayne  K4 

Ft.  Wayne  K4 

Ft  Wayne  K4 

Sangamo  H 

Sangamo  H 

Sangamo  H 

Duncan  M 

Duncan  M 

Columbia  Ci 

Columbia  Ci 


138 
96 

107 
92 

99 
III 

91 


50 

53 
68 

67 
72 

77 

54 

54 
140 


81 
87 

94 
88 

94 

91 

87 

85 
142 


\^ 

140 
106 

125 
104 

64 

131 
122 


C 
80 

86 
91 
85 


84 
81 

154 


Percentage  of 
Accuracy 

A  ''""r"^  ^ 


99 

99 

99 
100 

lOI 
lOI 

99 

99 

100 


lOi 

99 
100 
100 
103 

lOI 
lOI 

97 
100 


IOC 


la 
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LOSS  IN  POTENTIAL  CIKCUIT — WA' 


Frequency 
Cycles       Ai  133  Cycles    At  60  Cycli 


133 
60 

25 

133 

60 

25 

60 

133 
60 

25 

133 

60 

25 

133 

60 

25 

133 
60 

25 
133 

60 

25 

133 

60 

25 

133 
60 

60 
25 


3.0 

I.I 

O.I 

0.5 
I.I 

O.I 

0.7 
0.7 

0.8 
0.9 
0.3 
0.7 
0.7 
0.4 
1.2 
0.9 
0.1 

I.O 

0.9 
0.3 

I.I 
0.9 
0.6 
0.8 
1.0 
0.8 
1.0 
0.9 
0.7 
0.2 


9.2 

3.7 
0.3 
1.6 
2.8 

0.4 

1.7 
1.7 

1. 5 
1.8 

0.8 
1.2 
1.6 
0.9 
3.0 
2.1 
0.4 
2.1 
2.1 
0.9 

1.9 
1.0 
1.0 
1.2 
1.0 
2.8 
1.8 
1.8 
1.0 


At  35  Cycles 

23.7 
13.8 

1.3 

12.5 
28.0 

1.4 
5.6 

5.4 
5.0 

5.5 

1.3 

9.0 
II. O 

2.0 
10.4 

8.2 

1.2 

7.8 

7.8 

2.8 
10.9 

SO 
2.2 
2.8 
3.0 
2.9 
8.4 
5.0 
8.7 
4.3 


There  was  but  one  meter  of  each  make,  type  and  frequen 
tested.    These  figures  should  be  used  as  a  basis  of  compari: 
in  this  sense  only,  and  are  given  as  a  caution  to  central-stati 
companies  confronted  with  the  problem  of  changing  their  systa^cr^' 
from  one  standard  of  frequency  to  another. 

From  an  analysis  of  the  tables  it  is  evident  that  when  charw.^- 
ing  a  system  from  high  to  lower  standard  frequency,  the  met^^<5 
rhould  be  changed  first;  but  when  changing  from  low  to  higti^/' 
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standard  frequency,  the  meters  should  be  changed  last.  This  will 
safeguard  the  potential  circuits  against  undue  heating  or  bum- 
outs. 

In  some  types  of  meters,  the  test  constants,  gear  ratios,  etc., 
vary  considerably  for  the  different  frequencies.  Information  of 
this  character  for  25-cycle  meters  is  given  later  in  the  report. 

METERING  OF  RAPIDLY  FLUCTUATING  LOADS 
A  number  of  questions  have  been  raised  during  the  past  year 
as  to  the  accuracy  of  watt-hour  meters  in  the  measurement  of 
rapidly  fluctuating  loads,  such  as  flashing  signs,  welding  machines 
and  loads  having  similar  characteristics.  Particular  inquiries  have 
reached  the  committee  as  to  welding  machines  of  large  capacity 
requiring  large  amounts  of  current  for  extremely  short  periods 
of  time;  and  there  seems  to  be  a  well-defined  feeling  that  the 
meter  in  such  cases  fails  to  register  all  the  current  used.  This 
belief  has  undoubtedly  been  engendered  by  the  small  amount  of 
revenue  derived  from  many  of  these  installations  in  proportion  to 
the  kilowatt  capacity  installed.  Your  committee  feels,  however, 
that  this  is  not  due  to  any  inaccuracy  on  the  part  of  the  watt-hour 
meter. 

The  Committee  has  not  been  able  to  actually  conduct  any 
tests  to  determ'ne  the  accuracy  of  meters  measuring  such  loads, 
but  from  information  gathered  from  manufacturers'  tests  and 
other  investigations,  there  apf)ears  to  be  no  error  in  the  commu- 
tator type  of  meter  under  these  conditions.  It  is  claimed,  how- 
ever, that  there  is  a  very  slight  error  in  the  induction  tjrpe  of 
meter  on  such  loads;  i.  e.,  the  meters  have  a  tendency  to  register 
slightly  more  energy  than  that  actually  used.  This  error,  is,  how- 
ever, so  small  as  to  be  practically  negligible,  falling  well  within 
ij4  per  cent,  except  in  extreme  cases.  This  error  may  exist  in 
the  induction  type  meter  due  to  the  fact  that  during  the  time  the 
load  is  increasing  more  rapidly  than  the  moving  element  can 
respond,  flux  from  the  current  coil  is  present,  which  is  a  normal 
condition,  but  when  the  moving  element  is  drifting  after  the  load 
has  been  cut  off,  there  is  no  flux  from  the  current  coils,  and  its 
damping  effect  on  the  moving  element  is  absent.  It  is  obvious, 
therefore,  that  very  widely  fluctuating  loads  can  be  metered  well 
within  the  commercial  limits  of  accuracy,  and  that  th6  energy  used 
by  welders  and  other  apparatus  is  accurately  measured.  The  fol- 
lowing references  pertinent  to  this  subject  are  submitted : 
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WATT-HOUR   METERS  ON  VARIABLC   LOADS 

Orlich  und  Schulze,  Elektrotechnik  und  Maschinenbau,  i«L 
27,  p.  8oi,  1909.  (Science  Abstracts  B,  1909,  No.  103a) 
Both  theoretical  and  experimental. 

Schniiedel,  Elektrotechnik  und  Maschinenbau,  vol.  29,  p.  555, 
1911.     (Science  Abstracts  B,  1911,  No.  671.) 

L.  T.  Robinson,  Electrical  Review  (Chicag^o),  voL  59,  ji 
1232,  191 1. 

Melsom  &  Eastland,  London  Electrician^  May  17,  1912,  ji 
216;  Editorial,  p.  228.  Discussion  of  this  and  another 
paper  on  the  same  subject  by  Prof.  D.  Robertson  before 
the  Institute  of  Electrical  Engineers,  p.  230. 

INSTRUMENT  TRANSFORMER  CONNECTIONS 
The  subject  presented  below  is  deemed  of  sufficient  import- 
ance by  your  Committee,  to  be  brought  forward  for  discussion  at 
this  time.  The  general  notes  given,  are,  however,  merely  tenta- 
tive and  suggestive,  and  will  be  revised  after  discussion  and  more 
thorough  consideration.  It  is  suggested  that  this  subject  be 
re-opened  by  future  committees  and  furthered  by  conference  and 
co-operation  with  others  interested. 

GENERAL  NOTES  REGARDING  A  PROPOSED  STANDARDIZATION  SYSTEM 
OF  CONNECTIONS  FOR  INSTRUMENTS  AND  ELECTRICITY  METERS 
USED  WITH  CURRENT  AND  VOLTAGE  TRANSFORMERS 

I — Preface 

The  objects  sought  in  the  suggested  changes  in  manufac- 
turers' connection  diagrams  are  as  follows: 

( 1 )  To  secure  greater  clearness  of  the  electrical  conditions 
which  must  obtain  in  the  several  circuits  to  the  instruments. 
With  this  information  at  hand,  changes  in  instrument  connections 
necessitated  by  special  instrument  transformer  requirements,  may 
be  made  more  readily  than  at  present. 

(2)  To  secure  uniformity  of  all  connection  diagrams  in 
respect  to  current  and  voltage  transformer  connections,  both 
primary  and  secondary.  This  will  insure  that  all  instruments  and 
electricity  meters  of  the  same  or  different  manufacture,  whidi 
belong  to  the  same  general  class,  may  be  readily  connected  to 
operate  on  the  same  current  an^l  voltage  transformers. 

(3)  To  adopt  as  standard  those  voltage  transformer 
primary  connections  which  are  consistent  with  the  requirements 
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E-sof   safe  high-tension  compartment  construction.     Such  connec- 
s^tions  will  also  lend  themselves  to  the  requirements  of  the  syn- 
E^rdironizing  apparatus,  instruments  and  electricity  meters  on  con- 
sumer's premises. 

mTi.2 — Exhibits 

""'  See  Exhibits  Nos.  i,  2,  3,  4  and  5,  with  notes,  to  which  atten- 

='  *tion  is  called. 

HT'  3 — Transformer  Polarities 

sr  At  the  present  time,  so  far  as  is  known,  there  is  no  uniformity 
s^  of  practise  among  manufacturers  regarding  the  relative  instan- 
T  taneous  polarities  between  primary  and  secondary  windings  of 
current  and  voltage  transformers.  For 'instance,  certain  manu- 
^^    facturers  design  transformers  as  shown  by  Sketch  No.  i,  Fig.  2, 
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nraiur 
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Fig.  2.    Diagrams  Showing  l  wo  Methods  of  Transformer  Construction 

and  others  as  shown  by  Sketch  No.  2,  Fig.  2.  Further,  on  some 
transformers  no  markings  are  placed  on  the  terminals  to  indi- 
cate instantaneous  polarities. 

The  terminals  on  all  instrument  transformers  should  be 
arranged  alike  as  regards  instantaneous  polarities,  and  the  connec- 
tions represented  by  Sketch  No.  2,  Fig.  2,  are  recommended  as 
preferable.  An  instantaneous  positive  polarity  should  be  stamped 
on  the  respective  terminals  of  the  primary  and  secondary  wind- 
ings. This  might  well  apply  not  only  to  instrument  transformers 
but  to  all  other  transformers. 

4 — Instrument  Ratings 

Ratings  of  all  instruments  should  be  marked  on  the  instru- 
ment, and  should  include  the  following: 

(a)     Secondary  amperes 
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• 

(b)  Secondary  volts 

(c)  Cycles 

(d)  Current  transformer  ratio 

(e)  Voltage  transformer  ratio 

(f)  Volt-amperes  consumed  by  potential  coils  of  the  instru- 
ment 

(g)  Volt-amperes  consumed  by  current  coils  of  the  instru- 
ment 

The  last  two  are  of  value  in  determining  the  necessary  potential 
and  current  transformer  capacities  required  to  supply  the  potential 
and  current  coils  of  the  instruments  on  their  respective  circuits. 

S — Instrument  Tertninah 

All  terminals  of  instruments  should  be  stamp)ed  with  a  desig- 
nating letter  for  use  in  connection  with  the  wiring-  diagram.  The 
instantaneous  positive  polarity  of  all  coils  should  be  stamped  cm 
the  terminals.  The  latter  stamping  serves  also  to  readily  identify 
the  terminals  of  respective  coils. 

6 — Connection  Diagrams 

Connection  diagrams  should  be  prepared  covering  all  condi- 
tions under  which  the  instrument  may  be  connected.  For  example, 
on  3-phase  systems  connections  should  be  given  for  operating  on 
delta-connected  and  on  star-connected  voltage  transformers. 

7 — Grounding 

The  casings  of  all  instrument  transformers  should  be 
grounded,  and  the  manufacturer  should  provide  a  suitable  lug, 
stud  or  binding  post,  conveniently  located,  for  this  purpose.  This 
should  also  apply  to  load  transformers.  No  fuses,  resistances  or 
instrument  windings  should  be  placed  in  the  ground  wire,  between 
the  ground  and  any  instruments  or  transformers. 

8 — For   other  suggested   changes  see   notes   with    the   several 
exhibits 
Figs.    4,    6   and   8    have   been    prepared    simply    to   bring 
out  the  general  method  suggested  and  are  not  intended  as  wiring 
diagrams  of  specific  instruments. 
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EXHIBIT  1 

CONTRASTED  EXAMPLES  OF   MANUFACTURERS*   CONNECTION 
DIAGRAM  AND  SUGGESTED  STANDARD  FORM  OF  DIAGRAM 

C  Three-phase,  3-wire,  power  factor  meter — ^high-tension  switch- 
board type) 
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Fig.  3.    Diagram  of  Connections  as  Furnished  by  a  Manufacturer 
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Fig.  4.     Suggested  Standard  Form  of  Diagram  for  the  Instrument 

Shown  in  Fig.  3 
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NOTES  ON    DIAGRAMS    SHOWN 

Leads  from  primary  circuit  to  voltage  transformers  shodi' 
not  cross. 

Include  ground  connection  to  instrument  cases,  as  this  is  m 
sufficiently  cared  for  in  grounding  the  transformer  secondami 
If  grounding  stud  is  furnished  on  the  instrument  case,  it  sbodd 
be  marked  as  such  on  the  diagram. 

Indicate  the  internal  connections  between  terminals  of  al 
instruments,  resistance  boxes,  etc.  Inductive  winding's  or  induct- 
ances should  be  represented  by  a  spiral,  and  non-inductive  wind- 
ings or  resistances  by  a  zig-zag  line. 

All  instrument  terminals  should  be  stamped  w^ith  a  designat- 
ing letter  and  the  diagrams  should  be  lettered  accordingly. 

Mark  prominently  on  the  diagram,  "rear  view''  or  "front 
view"  of  each  instrument,  apparatus  or  entire  arrangement,  as 
the  case  may  be. 

No  fuse  resistances  or  instrument  windings  should  be  |daced 
in  the  ground  wire  between  the  ground  and  any  instruments  or 
transformers. 

Indicate  by  the  use  of  arrows  on  all  connection  diagrams 
the  instantaneous  direction  of  current  flow  in  both  primary  and 
secondary  current  and  voltage  circuits  of  the  transformers,  and 
also  in  the  coils  of  the  instruments. 

The  lines  which  designate  the  secondary  leads  of  the  cur- 
rent transformer  should  be  drawn  heavier  in  the  diagram  than 
the  primary  or  secondary  leads  of  the  voltage  transformers,  in 
order  to  readily  distinguish  the  two.  The  primary  leads  of  the 
current  transformer  should  be  heavier  than  either,  establishing 
some  standard  thickness  of  line,  in  proportion  to  a  ratio  of  i,  2, 
3  and  4. 

Utilize  a  standard  representation  of  all  primary  and  sec- 
ondary connections  to  current  and  voltage  transformers  (sec 
Exhibit  5). 

For  star-connected  current  transformer  secondaries,  connect 
directly  to  ground  the  secondary  lead  which  is  at  the  load  end 
of  the  transformer.  This  preference  for  the  load  end  is  simply 
to  establish  uniform  practise. 

The  different  classes  of  circuits  for  which  each  instrument  is 
adapted  should  be  noted  on  the  diagram. 


EXHIBIT  2 

CONTRASTED  EXAMPLES  OF  MANUFACTURERS'  COKNECTION  DIAGRAM 
AND  SUGGESTED  STANDARD  FORM  OF  DIAGRAM 

!  (Three-phase,  3-wire,  indicating  wattmeter — high-tension  switch- 
board type) 


Fio.  5-  Diagram  of  CoNNECnoNS  as  Furnished  by  a  Manufactuwk 


SuGGBSTBD  Standard  Fobm  of  Diagrak  rot  the  Instkuuent 
Shown  in  Fia  5 
NOTES  ON  THB  ABOVE  DIAGRAMS 

(The  notes  listed  in  Exhibit  No.  i  apply  here) 
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EXHIBIT  3 

EXAMPLE  OF  MANUFACTURERS^  CONNECTION   DIAGRAM,  WITH 

CERTAIN  CRITICISMS 

(Three-phase,  4-wire,  indicating  wattmeter — high-tension  switch- 
board type) 
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Fig.  7.    Diagram  of  Connections  as  Furnished  by  a  Manufacturq 


CRITICISMS  OF  THE  ABOVE  DIAGRAM 

The  manufacturer  should  arrange  the  terminals  of  all  instru- 
ments so  as  to  fit  the  scheme  of  standard  representation  of  ail 
primary  and  secondary  connections  to  current  and  voltage  trans- 
formers. For  instance,  rather  than  reverse  the  winding  of  one 
current  transformer  as  shown  in  the  diagram,  the  manufacturer 
should  make  the  reversed  connection  inside  the  instrument. 

Again,  as  a  standard  practise,  the  secondaries  of  the  three 
voltage  transfomiers  should  be  connected  in  delta,  at  a  point  near 
the  transfomiers.  In  the  diagram,  the  manufacturer  has  com- 
pleted, or  closed,  the  delta  connection  inside  of  the  instrument. 

The  current  terminal  marked  X  is  the  common  junction  of 
the  three  current  windings  of  the  instrument.  This  is  bad  prac- 
tise. Each  current  winding  should  be  independent  of  all  other 
windings  in  the  instrument  and  should  consequently  have  two 
tcTiniuals.     The  need  for  this  is  apparent  if  current-reversing 
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vitches  are  to  be  used,  as  on  circuits  where  the  direction  of 
>rmal  energy  flow  is  subject  to  reversal. 

The  instrument  as  furnished  had  a  grounding  stud  on  the 
ise.    None  is  shown  in  the  diagram. 

No  specific  note  is  made  on  the  diagram  as  to  whether  ''rear 
[EW**  or  "front  view"  is  shown. 

No  internal  connections  are  indicated  on  the  diagram  of  the 
strument. 

No  arrows  are  shown  to  indicate  the  instantaneous  direction 
:  current  flow. 

Other  breaches  of  the  recommendations  suggested  under 
xhibit  I  should  be  noted. 


3i8 
EXHIBIT  4 

EXAMPLE  OF  THE  READY  COMBINATION  OF  TWO  OR   MORE  INSTtU- 
MENT  DIAGRAMS,  WHEN  EACH  DIAGRAM   HAS  BEEN  PREPARED 
ACCORDING     TO     THE     STANDARD     REPRESENTATION     OF 
CURRENT  AND  VOLTAGE  TRANSFORMER  CONNECTIONS 


RCSISTAMCC  bot 
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Rear  View  or  SwiTCHBOARa 


Fig.  8.    A  Combination  of  Diagrams  Shown  in  Figs.  4  and  6 


Note:  Manufacturers  Figs.  3  and  5,  which  arc  not  prepared  accord- 
ing to  the  standard  representation  of  voltage  transformer  coonectiofis, 
cannot  be  combined  as  above  without  changes  in  external  connections  to 

the  instrument. 
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EXHIBIT  5 

CAMPLE  OF  THE  APPLICATION  OF  THE  FOREGOING  NOTES  TO  LOAD 

OR  VOLTAGE  TRANSFORMERS 
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*iG.  g.     Pkuper  Arrangement  of  Diagrams  and  MAkKiNt;s  for  Voltage 

AND  Load  Transformsrs 

L  COMPARATIVE  STUDY  OF  CONTINUOUS-CURRENT  WATT- 
HOUR  METERS 

The  Washington  Bureau  of  Standards  recently  made  a  com- 
parative study  of  American  continuous-current  watt-hour  meters. 
rhis  study  comprised  much  interesting  and  valuable  data  which, 
ilthough  not  available  at  the  present  time  will  be  published  in  the 
lear  future  by  the  Bureau  of  Standards  and  can  be  procured  upon 
ipplication  to  that  Bureau. 


MAXIMUM-DEMAND  DEVICES 

PRINTOMETERS 

Service  tests  on  the  printometer  during  the  past  year  have 
>rought  to  light  several  weak  points  and  the  manufacturers  have 
"ecently  made  several  changes  in  the  device  in  order  to  eliminate 
hese  faults. 

Printing  and  Cyclometer  CoUs 

The  coils  formerly  used  were  sometimes  found  to  be  sluggish 
md  frequently  burned  out.  The  manufacturers  believe  they  have 
ntirely  eliminated  this  trouble  by  chang^g  over  to  iron-clad  coils. 
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This  feature  will  allow  the  coils  to  be  permanently  connected  in 
the  circuit  without  burning  out.  The  power  of  the  coils  is  greatly 
increased  with  a  large  decrease  in  current  consumption.  This  is 
shown  in  the  following  comparison: 


PRINTING  COILS 

Voltt 

Amperage,  old  coil 

Amperage,  new  coil 

110  volts  a-c 

1.5 

0.6 

220  volts  a-c 

I.O 

0.3 

no  volts  d-c. 

0.7 

0.3 

1 8  volts  battery 

5.5 

CYCLOMETER  COILS 

2.3 

no  volts  a-c. 

0.3 

0.15 

220  volts  a-c. 

O.I 

0.05 

no  volts  d-c. 

O.I 

0.05 

i8  volts  battery 

1.0 

0.05 

In  addition  the  plungers  are  highly  polished,  allowing  of 
free  and  smooth  action. 

Contact-Making  Device  on  Meter  Register 

This  feature  of  the  device  formerly  consisted  of  a  commuta- 
tor placed  upon  one  of  the  spindles  of  the  meter  dial  train, 
arranged  with  a  slip-ring  having  connected  to  it  various  numbers 
of  bars  and  three  contact  brushes,  one  bearing  on  the  slip-ring 
and  the  other  two  placed  diametrically  opposite  each  other  in  tbe 
path  of  the  bars,  alternately  closing  the  circuit  through  the  cydo-  ; 
meter  coil. 

This  form  of  contact  device  has  been  replaced  with  a  new, 
almost  frictionless  and  positive  style  of  contact. 

A  highly  polished  brass  ratchet  wheel  is  mounted  on  one  of 
the  spindles  of  the  register,  insulated  from  the  spindle  by  means 
of  a  fibre  bushing.  Two  polished  steel  spring  brushes  rest  dia- 
metrically opposite  on  the  ratchet,  thus  allowing  first  one  and  then 
the  other  brush  to  drop  oflf  of  a  ratchet  tooth  at  equal  intervals. 
A  platinum-iridium  point  is  staked  in  each  of  these  brushes  and 
as  the  brush  falls  off  the  ratchet  tooth,  this  point  makes  contact 
with  another  platinum-iridium  point  which  is  carried  by  a  second 
spring  leaf  running  parallel  to  the  brush.  The  mechanism  con- 
sists, therefore,  of  one  ratchet  wheel,  two  spring  brushes,  each 
carrying  a  platinum  point,  and  two  spring  leaves  also  with  a 
contact  point  each. 

The  two  brushes  resting  on  the  ratchet  wheel  are  charged 
constantly  with  line  potential.     Thus,  when  these  drop  altematehf 
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Jit  the  two  leaves  which  are  connected  to  the  cyclometer  coil,  the 
MuslI  two-way  circuit  is  obtained.  The  manufacturers  claim  that 
Tfchis  style  of  contact  is  practically  frictionless. 

The  contact  breaking  mechanism  in  the  printometer  has  been 
re-designed.  The  shape  of  the  curve  upon  which  the  contact 
ibrush  rides  has  been  changed  so  that  the  same  tension  will  obtain 
-throughout  the  entire  motion.  The  contact  brushes  riding  on  this 
wheel,  formerly  made  of  phosphor  bronze,  are  made  of  a  special 
high  resistance  contact  metal,  and  are  reinforced  at  the  point 
where  they  are  fastened  to  the  holding  studs. 

All  leads  connected  from  the  printometer  coils  are  attached  to 
the  terminal  studs  in  the  base  by  means  of  binding  posts,  instead 
of  being  soldered  as  before.  This  enables  ready  removal  of  the 
printometer  mechanism  from  the  base  without  removing  the  base 
from  the  switchboard,  as  was  necessary  when  these  leads  were 
soldered. 

All  insulating  washers  in  the  printometer  are  now  made  of 
mica,  as  fiber  which  was  formerly  used  was  found  to  contract  and 
expand  with  changes  in  temperature  and  moisture. 

The  rotating  wheels  are  equipped  with  brass  bushings,  in 
order  to  reduce  wear. 

Additional  bosses  have  been  cast  in  the  center  of  the  base 
which  permit  the  fastening  of  the  back  plate  of  the  printometer 
to  the  center  of  the  base,  in  order  to  prevent  the  instrument  being 
thrown  out  of  alignment  when  the  case  is  fastened  down  by  the 
thumb  nut. 

Your  Comipittee  has  endeavored  to  induce  other  manufac- 
turers to  devise  reasonably  low-priced  instruments  that  will 
properly  indicate  or  record  the  maximum  demand,  but  although 
several  manufacturers  have  been  working  diligently,  they  are  not 
yet  in  a  position  to  submit  any  maxinuini-demand  meters.  Three 
diflfcrent  manufacturers,  however,  hope  to  be  able  to  show  some 
devices  in  the  meter  exhibit  at  the  present  Convention. 

WESTINGHOUSE  WATT-HOUR  DEMAND  METER 

The  meter  here  described  has  been  designed  to  meet  the  much- 
felt  need  for  an  instrument  which  will  measure  maximum  demand. 
Instead  of  following  the  general  practise  of  supplying  an  attach- 
ment to  a  watt-hour  meter,  this  device  is  a  self-contained  unit, 
combining  the  characteristics  of  a  standard  watt-hour  meter,  an 
II— 11 


tnple  that  the  up-keep  and  attention  will  be  little  greater  than 
at  of  an  ordinary  watt-hour  meter. 

The  general  appearance  of  the  single-phase  instrument  is 
lown  in  Fig.  lo.  The  instrument  consists  of  a  watt-hour  meter 
eluding  electromagnet,  permanent  magnet  and  aluminum  disc, 
second  or  auxiliary  disc  is  supported  above  the  main  disc  by 
jewel  ball-bearing  so  that  it  can  move  freely  in  the  air  gap  of 
e  electromagnet  without  interfering  with  the  main  disc.  The 
jciliary  disc  is  readily  accessible  by  removing  the  four  screws 
Iding  the  electromagnet  in  place. 

The  series  and  shunt  fluxes  pass  through  both  discs,  induc- 
l  eddy  currents  which  react  on  these  fields  in  the  usual  manner, 
oducing  a  torque  proportional  to  the  load.  The  two  discs  are 
tirely  independent,  the  auxiliary  disc  being  so  shaped  that  it 
>es  not  interfere  with  the  accuracy  of  the  main  disc  which 
tates  at  a  speed  always  proportional  to  the  load.  The  auxiliary 
aft  carries  a  spiral  spring  at  its  upper  end,  the  tension  of  which 
poses  the  deflection  of  the  disc,  thus  forming  an  indicating  watt- 
2ter.  Hence,  if  no  other  mechanism  were  introduced,  the 
miliary  disc  would  instantly  deflect  through  an  arc  proportional 
the  wattage. 

The  auxiliary  shaft  is,  however,  geared  to  an  escapement 
lieel  which  engages  with  a  claw.  A  forked  lever  fixed  to  the 
iw  shaft  is  caused  to  oscillate  by  an  eccentric  geared  to  the 
ain  disc.  The  mechanism  is  very  similar  in  priniciple  to  the 
dinary  clock,  the  auxiliary  disc  furnishing  the  power  for  driv- 
%  the  escapement  like  a  mainspring,  the  rate  of  movement  being 
ntrolled  by  the  motion  of  the  main  disc  which  performs  the 
nctions  of  a  balance  wheel.  The  escapement  wheel  and  claw 
ive  radial  teeth,  thus  preventing  an  interchange  of  energy 
twecn  the  two  discs.  It  is  to  be  observed  that  the  main  disc  is 
>t  required  to  furnish  any  power  whatever,  except  the  negligible 
nount  needed  to  oscillate  the  escapement  claw. 

It  is  evident  from  the  foregoing  that  the  auxiliary  disc  will 
Ivance  step  by  step  at  a  rate  proportional  to  the  speed  of  the 
im  disc  until  the  spring  tension  balances  the  torque  developed 
the  disc.  The  demand  pointer  is  driven  by  a  dog  on  the  aux- 
iry  shaft  and  is  held  in  the  position  of  maximum  deflection  by 
ine-toothed  ratchet  and  pawl.  The  pointer  is  reset  manually 
pressing  a  button  on  top  of  the  cover,  which  raises  the  pawl. 
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A  light  spring  returns  the  pointer  to  its  initial  position.  A  secosll 
ratchet  and  pawl  on  the  auxiliary  shaft  allow  the  auxiliary  dix,] 
under  spring  tension,  to  drop  back  to  equilibrium  when  the  kail 
falls  below  the  maximum,  but  prevents  its  being^  deflected  totht 
former  maximum  position  until  allowed  to  do  so  by  the  tscxft 
ment,  as  before. 

The  time  required  to  reach  equilibrium  when  any  constait 
load  is  passed  through  the  instrument  is  a  constant,  since  the 
deflection  and  rate  of  deflection  vary  in  direct  proportion.  For 
example,  if  we  double  a  certain  load,  the  rate  at  w^hich  the  pointer 
moves  across  the  scale  is  doubled,  but  since  the  distance  it  musi 
move  is  doubled,  due  to  double  torque,  the  time  required  is  con- 
stant, notwithstanding  the  absence  of  a  clock.  A  mathematical 
analysis  of  the  instrument  shows  that  the  deflection  for  any  load 
which  does  not  continue  long  enough  for  the  instrument  to  reach 
equilibrium  is  equal  to  the  integrated  load,  divided  by  the  time 
interval.  Equal  products  of  load  and  time  produce  the  same 
deflection,  provided  the  duration  of  the  load  is  less  than  the  time 
interval  of  the  instrument. 

In  general,  the  instalment  will  indicate  a  constant  load  in 
kilowatts  which,  if  multiplied  by  the  time  interval,  will  give  the 
maximum  integrated  load  corresponding  to  the  time  interval  of 
the  instrument. 

WESTINGHOUSE  TYPE  U  GRAPHIC  METERS SWITCHBOARD  AND 

PORTABLE 

The  type  U  meters  make  a  continuous  record,  covering  a 
week's  time  on  a  single  strip  of  paper. 

Operation 

The  meter  consisti;  of  a  solenoid  and  core  acting  directly  f" 
an  arm  that  carries  the  recording  pen,  and  a  continuous  strip  of 
paper  moved  uniformly  by  a  clock  mechanism.  To  overcome  the 
slight  friction  of  the  ])en  on  the  paper,  the  solenoid  is  made  ven 
powerful  in  its  action.  Its  action  is  controlled  by  a  heavy  spring, 
which  also  eliminates  any  inaccuracies  due  to  slight  errors  in 
level  in  j^.    The  energy  consumed  by  the  mechanism  is  50  watts. 

Case 

1'lie  meter  is  contained  in  a  metal  case  having  a  g^lass  window 
through  which  the  movement  of  the  pen  can  be  observed.    The 
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type  I-io  meter  wiili  a  glass  cover,  and  also  wilh  a  4-circle  dial, 
if  desired. 

Several  changes  have  been  made  in  the  type  l-io  meter,  the 
most  important  of  which  are  as  follows: 

Loss  in  potential  circuit  has  been  reduced  to  1.5  watts  (at  1 10 
volt  60  cycle). 

Loss  in  current  circuit  has  been  reduced  to  0.5  watts  (at  no 
volt  60  cycle). 

While  the  micrometer  light  load  adjustment  has  been  retained 
the  method  has  been  changed.  In  place  of  two  thumb-screws,  one 
on  each  side  of  the  meter,  the  light  load  adjustment  is  now  mjde 


Fig.   13.     Westihchouse  Type  OA  Mcter, 


with  one  screw  through  the  frame  on  the  right-hand  side  facing 
the  meter,  and  operated  by  a  screwdriver.  This  method  provides 
an  easy  and  stable  adjustment.  The  method  of  clamping  the  full 
load  adjusting  screw  has  also  been  changed.  The  clamping  screw 
is  now  manipulated  from  the  front  instead  of  on  the  side. 

The  Westinghouse  Co,  reports  that  it  is  now  in  a  position  to 
furnish  the  OA  meter  top-connected  up  to  25  amperes,  2  andj- 
wire,  60  cycle.  It  can  also  furnish  the  bottom-connected  up 
to  300  amperes,  2-wire  and  150  amperes,  3-wire,  133,  60  and  25 
cycle,  all  self-contained. 


3^9 

The  Fort  Wayne  Electric  Works  are  now  in  a  position  to  fur- 
nish the  type  K-4  meter  for  25  cycle,  in  sizes  from  5  to  100 
amperes,  220-volt,  3-wire,  and  5  to  100  amperes,  i  lo-volt  or  220- 
volt,  2-wire.  They  are  also  furnishing  the  25-cycle  type  K-3 
meter  self-contained. 

The  Sangamo  Electric  Co.  has  recently  produced  a  somewhat 
improved  type  of  direct-current  mercury  meter  known  as  the  type 
D-4.  This  meter  is  similar  to  the  standard  type  D  meter,  but  the 
manufacturers  claim  that  it  has  an  improved  armature  and  shunt 
magnet,  giving  considerably  higher  torque  and  better  perform- 


The  same  company  has  recently  developed  a  polyphase  indue- 
tkm  watt-hour  meter,  as  shown  in  Figs.  15  and  16.  This  meter 
has  two  elements  carried  on  one  main  grid,  each  element  in  itself 
.being  exactly  like  the  complete  element  of  the  Type  H  single- 
phase  meter,  the  disks  of  the  two  elements  being  mounted  on  a 
single  shaft. 

The  manufacturer  claims  that  this  meter  has  a  full  load 
torque  of  §5  millimeter  grams,  and  the  moving  element  weighs  32 
g^ams,  slightly  more  than  double  the  weight  of  the  moving  ele- 
ment in  the  single-phase  meter.  The  ratio  of  torque  to  weight  is, 
therefore,  approximately  the  same  as  in  the  single-phase,  2.6. 
The  electrical  performance  of  the  meter,  that  is,  on  varying  load, 
frequency,  voltage,  temperature,  etc.,  is  exactly  the  same  as  that 
of  the  single-phase  already  described. 

Type  H  polyphase  meters  are  furnished  either  with  pressed 
aluminum  cover  and  glass  windows,  or  with  full  pressed  glass 
cover,  at  no  extra  charge. 

The  Duncan  Electric  Manufacturing  Co.  has  recently  placed 
on  the  market  a  new  direct-current  meter  known  as  the  Model 
E-J^.  This  new  meter  is  manufactured  only  in  the  smaller  sizes, 
and  the  manufacturer  claims  that  in  many  respects  it  is  superior 
to  the  older  models. 
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^MATION  FOR  FUTURE  REVISION  OF  THE 
LECTRICAL  METERMAN^S  HANDBOOK 

)ter  15  of  the  Handbook  is  a  treatise  on  watt-hour  meter 
and  test  formulae.     Your  Committee  notes  that  the 
•^en  therein  do  not  apply  to  25-cycle  meters,  and  the  foi- 
bles are  supplemental  to  those  given. 

S  AND  REGISTER  DATA  FOR  TYPES  I,  1-8,  IP.  IP-j.  IP.3  AND 
[P-4  THOMSON   SINGLE-PHASE  WATT-HOUR  METERS 

Capacities  3  to  300  ampere,  25  cycle 
106  to  120  volt 


Numerical 
Value  of  I 
Revolution 
of  I  St  Dial 
Hand 

Teat 

Constant 
(Kt) 

Watt-hour 

Constant 

(Kh) 

Numerical 

Value  of 

Reirister 

Constant 

(Kr) 

Register 
Ratio 
(Rr) 

Gtmr 
Ratio 
(R») 

10 
10 

0.4 

0.6 

0.4 

0.6 

I 
I 

250 

i66i 

25,000 
i6.6(^ 

10 

1.25 

1. 25 

I 

80 

8,000 

10 
10 
10 

2.0 
3.0 
6.0 

2.0 
3.0 
6.0 

I 

I 
I 

32^ 
i6i 

5,<x)0 

3.333t 
1,6661 

10 

10. 

10. 

I 

10 

1,000 

10 

12.5 

12. 5 

10 

80 

8,000 

10 

20. 

20. 

10 

50 

5,000 

10 

25. 

25. 

10 

40 

4,000 

10 

40. 

212 

40. 
to  240  volt 

10 

25 

2,500 

10 
10 

■75 
1.25 

•75 
1.25 

13^ 
80 

13,333* 
8,000 

10 

2.5 

2.5 

40 

4,000 

10 
10 

4.0 
6.0 

4. 
6. 

i6i 

2,500 

i,666i 

10 

12.5 

12.5 

10 

80 

8,000 

10 

20. 

20. 

10 

so 

5,000 

10 

25. 

25- 

10 

40 

4,000 

10 

40. 

40. 

10 

25 

2,500 

10 
10 

50. 

75- 

50. 

75- 

10 
10 

20 
13J 

2,000 
i,333i 
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CONSTANTS  AND  REGISTER  DATA  FOR  TYPES   D-j    AND    D.4  THOMSWl 
POLYPHASE  WATT-HOUR  METERS,  CAPACITIES  3  TO  600 

AMPERE,  J5  CYCLE 

106  to  120  volt 


Numerical 

Numerical 

:>ipacit) 

r     Value  of  I 

TCM 

Watt-hour 

Value  of 

Reffiater 

Gcv 

in 

Revolution 

Constant 

Constant 

Register 

Ratio 

Ram 

^mperci 

1     of  xst  Dial 

(Kt) 

(Kb) 

Constant 

(Rr) 

(«f) 

Hand 

(Kr) 

3 

10 

I. 

I. 

I 

100 

10,000 

5 

10 

IS 

IS 

I 

661 

6^ 

10 

10 

3. 

3. 

I 

33* 

3^ 

15 

10 

s. 

s. 

I 

20 

TfiOO 

25 

10 

75 

7.5 

I 

I3i 

Ijrf 

50 

10 

15- 

IS. 

10 

66i 

6,6661 

75 

10 

20. 

20. 

10 

5^, 

SfiOD 

100 

10 

30. 

30. 

10 

33i 

Z^ 

150 

10 

40. 

40. 

10 

25 

2,500 

200 

10 

60. 

60. 

10 

i6i 

i^ 

300 

10 

100. 

100. 

100 

100 

laooo 

400 

10 

125. 

125. 

100 

80 

8.000 

600 

10 

200. 

200. 

100 

50 

5.000 

212 

to  240  volt 

3 

10 

2. 

2. 

I 

5», 

5.000 

5 

10 

3. 

3. 

I   • 

33i 

3^ 

10 

10 

6. 

6. 

I 

16I 

i,666i 

15 

10 

TO. 

10. 

I 

10 

1.000 

25 

10 

15. 

15. 

10 

669 

6.666i 

50 

10 

30. 

30. 

10 

33i 

3s?33i 

75 

10 

40. 

40. 

10 

25 

2,500 

100 

10 

60. 

60. 

10 

i6i 

i.666i 

150 

10 

75. 

•75- 

10 

i3i 

1*33.4 

200 

10 

125. 

125. 

too 

80 

8,000 

300 

10 

200. 

200. 

100 

50 

5.000 

400 

ro 

250. 

250. 

100 

40 

4.000 

600 

10 

400. 

400. 

100 

25 

.  2,500 

400 

to  480  volt 

3 

10 

4. 

4. 

I 

25 

2,500 

5 

10 

6. 

6. 

I 

i6i 

ijssa 

10 

10 

12.5 

12.5 

10 

80 

&000 

15 

10 

20. 

20. 

10 

5^, 

5.000 

25 

10 

30. 

30. 

10 

33I 

3^133* 

50 

10 

60. 

60. 

10 

i3 

1,66^ 

75 

10 

75. 

75. 

TO 

13I 

1.33^ 

100 

TO 

125. 

125. 

too 

80 

8,000 

150 

TO 

T50. 

150. 

100 

661 

6,6661 

200 

TO 

250. 

250. 

100 

40 

4,000 

300 

TO 

400. 

400. 

100 

25 

2.500 

400 

10 

500. 

500. 

100 

20 

2,000 

600 

10 

750. 

750. 

100 

13I 

I033i 
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Soo  to  600  volt 

Numerical 

Numerical 

ratpAcitjr 

Value  of  t 

Test           Watt-hour 

Value  of 

Register 

Gear 

in 

Reyolutioa 

Constant        Conatant 

Register 

Ratio 

Ratio 

iflipcrea 

of  ist  Dial 
Hand 

(Kt)               (Kh) 

Constant 
(Kr) 

(Rr) 

(R«) 

3 

10 

5.                     5. 

I 

20 

2,000 

5 

10 

7.5                  7.5 

I 

'^l 

1,3331 

lO 

10 

15.                   15. 

10 

66i 

6,666§ 

IS 

10 

25.                    2S. 

10 

40 

4,000 

25 

10 

40.                    40. 

10 

25, 

2,500 

so 

10 

75.                    75. 

10 

13k 

1, 333* 

75 

10 

100.                  100. 

10 

10 

1,000 

lOO 

10 

ISO.             150. 

100 

661 

6,666§ 

ISO 

10 

200.             200. 

100 

50 

5.000 

aoo 

10 

300.             300. 

100 

33J 

3,333i 

300 

10 

500.               §00. 

600.            600. 

100 

20 

2,000 

400 

10 

100 

16I 

1,6661 

6nn 

10 

1,000.               1,000. 

100 

10 

1,000 

CONSTANTS  AND  REGISTER  DATA  FOR  THOMSON  TYPE  Iio,  SINGLE- 

PHASE  WATT-HOUR  METERS 

Capacities  5  to  25  ampere,  25  cycle 
106  to  120  volt 


Capacity 

in 
Amperes 

Numerical 
Value  of  z 
Revolution 
of  ist  Dia  1 
Hand 

Test 

Constant 
(Kt) 

Watt-hour 

Constant 

(Kh) 

Numerical 

Value  of 

Register 

Constant 

(Kr) 

Register 
Ratio 
(Rr) 

Gear 
Ratio 
(Rg) 

5 
10 

10 
10 

0.3 
0.6 

0.3 
0.6 

I 
I 

333| 
i66i 

33>333^ 
i6,666§ 

15 
25 

10 
10 

I. 

1.5 

212 

I. 
1.5 

to  240  volt 

I 
I 

100 

66§ 

10,000 
6,6661 

5 

10 

0.6 

0.6 

I 

i66i 

i6,666i 

10 

10 

1.25 

1-25 

I 

80 

8,000 

15 
25 

10 
10 

2. 

3. 

2. 
3. 

I 
I 

33^ 

5,000 
3,333* 

The  constants  and  register  data  for  Westinghouse  25-cycle 
meters  are  the  same  as  those  given  in  the  Handbook  with  the 
exception  that  the  register  ratios  (R^)  of  recent  OA  meters,  of 
all  frequencies,  have  been  changed,  all  other  data  given  in  the 
tables  remaining  unchanged. 
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CONSTANTS  AND  REGISTER  DATA  FOR  FORT  WAYNE  TYPES  K.  K  i.  K: 

AND  K-a,  SINGLE-PHASE  METERS 

25  to  35  cycle,  house  pattern 


100 

to  125  volt 

Numerical 

Numerical 

Capacity 

Value  of  X 

Teat 

Watt-hour 

Value  of 

Register 

Gear 

in 

Revolution 

Constant 

Constant 

Rcfnster 

Ratio 

Ratio 

of  xst  Dial 
Hand 

(Kt) 

(Kh) 

Constant 
(Kr) 

(Rr) 

<R») 

5 

10 

18. 

0.5 

2Q0 

20,000 

10 

10 

36. 

I. 

100 

lOfiOO 

15 

10 

54. 

1.5 

661 

6,6661 

20 

10 

72. 

2. 

50 

Sfloo 

25 

10 

90. 

2.5 

40 

4,000 

30 

10 

108. 

3. 

3^ 

3,333i 

40 

10 

144. 

4. 

25 

2,500 

50 

10 

180. 

1: 

20 

2,000 

60 

10 

216. 

16I 

1,6661 

75 

10 

270. 

7.5 

i3i 

1,33^ 

80 

10 

288. 

8. 

12I 

1,250 

100 

10 

360. 

10. 

10 

100 

10,000 

125 

10 

450. 

12.5 

10 

80 

8,000 

ISO 

10 

540. 

15. 

10 

661 

6,6661 

200 

10 

720. 

20. 

10 

SO, 

^jOOO 

300 

10 

1,080. 

30. 

10 

33i 

3,33^ 

400 

10 

1,440. 

t. 

10 

^5. 

2,500 

600 

10 

2,160. 

10 

i6f 

1,6661 

800 

• 

10 

2,880. 

200 

80. 
to  250  voh 

10 

I2i 

1,250 

5 

10 

36. 

I. 

100 

lOflOO 

10 

10 

72. 

2. 

50 

5,000 

15 

10 

108. 

3. 

33I 

3,333J 

20 

10 

144. 

4. 

25 

2,500 

25 

10 

180. 

5. 

20 

2,000 

30 

10 

216. 

6. 

i6i 

1,6661 

40 

10 

288. 

8. 

12I 

1,250 

5P 

10 

360. 

10. 

10 

100 

10,000 

60 

10 

432. 

12. 

10 

8^ 

8.33^ 

75 

10 

540. 

15. 

10 

661 

6,6661 

80 

10 

576. 

16. 

10 

62i 

6,250 

100 

10 

720. 

20. 

10 

SO 

Siooo 

125 

10 

900. 

25. 

10 

40 

4/)00 

150 

10 

1,080. 

30. 

10 

33I 

3,3331 

200 

10 

1440. 

40. 

10 

25 

fMi 

300 

10 

2,160. 

60. 

10 

16I 

400 

10 

2,880. 

80. 

10 

I2i 

1,250 

600 

10 

4,320. 

120. 

100 

83i 

8»333i 

800 

10 

5,760. 

160. 

100 

62I 

6,250 
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CONSTANTS  AND  REGISTER  DATA  FOR  FORT  WAYNE  TYPES  K,  K-i,  K-a 

AND  K-3,   SINGLE-PHASE   METERS 

25  to  35  cycle,  house  pattern 
400  to  499  volt 


Numerical 

Numerical 

-Capacity 

Value  of  z 

Test 

Watt-hour 

Value  uf 

Register 

Gear 

m 

Revolution 

Constant 

Constant 

Register 

Ratio 

Ratio 

Amperes 

of  zst  Dial 
Hand 

(Kt) 

(Kh) 

Constant 
(Kr) 

(Rr) 

(Rff) 

5 

10 

72. 

2. 

I 

50 

5,000 

ID 

10 

144. 

4. 

I 

25  „ 

2,500 

IS 

10 

216. 

6. 

I 

i6§ 

i,666g 

20 

10 

288. 

8. 

I 

I2i 

1,250 

25 

10 

360. 

10. 

10 

100 

10,000 

30 

10 

432. 

12. 

10 

83J 

8^33* 

40 

10 

576. 

16. 

10 

62i 

6,250 

50 

10 

720. 

20. 

10 

50- 

5,000 

60 

10 

864. 

24. 

10 

4II 

4,1661 

75 

10 

1,080. 

30. 

10 

33i 

3f333^ 

80 

10 

1,152. 

32. 

10 

3ii 

3,125 

100 

10 

1,440. 

40. 

10 

25' 

2,500 

125 

10 

1,800. 

50. 

10 

20 

2,000 

150 

10 

2,160. 

60. 

10 

i6§ 

1,6661 

200 

10 

2,880. 

80. 

10 

I2i 

P50^ 

300 

10 

4.320. 

120. 

100 

83i 

8,333* 

400 

10 

5,760. 

160. 

100 

62i 

6,250 

600 

10 

8,640. 

240. 

100 

4i§ 

4,1668 

800 

10 

11,520. 

320. 

100 

3ii 

3,125 

500  to  625  volt 


5 

10 

90. 

2.5 

I 

40 

4,000 

10 

10 

180. 

5. 

I 

20 

2,000 

15 

10 

270. 

7.5 

I 

i3i 

i,333i 

20 

10 

360. 

10. 

10 

100 

10,000 

25 

10 

450. 

12.5 

10 

80 

8,000 

30 

10 

540. 

15. 

10 

661 

6,6668 

40 

10 

720. 

20. 

10 

50 

5,000 

50 

10 

900. 

25. 

10 

40 

4,000 

60 

10 

1.080. 

30. 

10 

33i 

3,333| 

25 

10 

1,350. 

37.5 

10 

26S 

2,6668 

80 

10 

1440. 

40. 

10 

25 

2,500 

100 

10 

1,800. 

50. 

10 

20 

2,000 

125 

16 

2,250. 

62.5 

ID 

16 

1,600 

150 

10 

2,700. 

75. 

10 

i3i 

1,333* 

200 

10 

3,600. 

100. 

100 

100 

10,000 

300 

10 

5400. 

150. 

100 

661 

6,6668 

400 

10 

7,200. 

200. 

100 

50, 

5,000 

600 

10 

10,800. 

300. 

100 

33k 

3,333i 

800 

10 

14,400. 

400. 

100 

25 

2,500 
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CONSTANTS  AND  REGISTER  DATA  FOR  FORT  WAYNE  TYPE  K.4 

WATT-HOUR  METERS 

25  to  35  cycle,  house  pattern 
100  to  125  volt 


Nnmcrical 

Numerical 

Capadtj 

Value  off 

Teat 

Watt-hour 

Value  of 

Ref  later 

Gear 

in 

RcToliitioa 

Constant 

Constant 

Register 

Ratio 

Amperea 

of  itt  Dial 
Hand 

(Kt) 

(Kh) 

CoMtant 
(Kr) 

(Rr) 

c»») 

5 

10 

0.5 

0.5 

I 

200 

20,000 

10 

10 

I. 

I. 

I 

100 

10,000 

15 

10 

1.5 

1.5 

I 

661 

6,66^ 

20 

10 

2. 

•   2. 

I 

50 

5.000 

25 

10 

2.5 

2.5 

I 

40 

4,000 

40 

10 

4. 

4. 

I 

25 

2.500 

50 

10 

5. 

5. 

I 

20 

2,000 

75 

10 

7.5 

7.5 

I 

i3i 

1,333* 

100 

10 

10. 

10. 

1 

10 

1,000 

200  to  250  volt 


5 

10 

I. 

I. 

100 

10,000 

10 

10 

2. 

2. 

50 

5,000 

15 

10 

• 

3. 

3. 

33i 

3.333i 

20 

10 

4. 

4. 

25 

2,500 

25 

10 

5. 

5. 

20 

2,000 

40 

10 

8. 

8. 

I2i 

1,250 

50 

10 

10. 

10. 

10 

1,000 

75 

10 

15. 

15- 

10 

•661 

6.666i 

100 

10 

20. 

20. 

10 

50 

5.000 

CONSTANTS  AND   REGISTER   DATA   FOR  SANGAMO  TYPE  H   SINGLE- 

niASE   WATT-HOUR   METERS,   25   CYCLE 

1 10  volt,  2  wire 


Numerical 

Numerical 

Capacity 

Value  of  s 

Test 

Watt-hour 

Value  of 

Register 

Gear 

in 

Revolution 

Constant 

Constant 

Reffister 

Ratio 

Ratio 

Amperes 

of  ist  Dial 
Hand 

(Kt) 

(Kh) 

Constant 
(Kr) 

(Rr) 

(Rff) 

5 

10 

1,200. 

^ 

I 

600. 

30,000 

10 

10 

2400. 

.  9 

I 

300. 

15,000 

20 

10 

4,800. 

ih 

I 

150. 

7,500 

30 

10 

7,200. 

2 

I 

100. 

5,000 

40 

10 

9.600. 

28 

I 

75. 

3.750 

60 

10 

14.400. 

4 

I 

50. 

2.500 

80 

10 

19.200. 

5* 

I 

37. 5 

1,875 

100 

10 

24,000. 

69 

I 

30. 

1,500 

150 

10 

36,000. 

10 

I 

20. 

1,000 

200 

lO 

48,000. 

13a 

I 

15. 

750 

300 

10 

72,000. 

20 

10 

100. 

5,000 

400 

10 

96,000. 

269 

10 

75. 

3.750 

500 

10 

120,000. 

33^ 

10 

60. 

3.000 

600 

10 

144.000. 

40 

10 

50. 

2,500 

800 

10 

192,000. 

53i 

10 

37. 5 

1,875 

1,000 

10 

240,000. 

668 

10 

30. 

1.500 
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220  volt,  2  and  3  wire 


Numerical 

Numerical 

^^tpacity 

Value  of  z 

Teat 

Watt-hour 

Value  of 

Register 

(year 

ia 

ReTolution 

Constant 

Constant 

Rei^ister 

Ratio 

Ratio 

Ikapcret 

of  xst  Dial 
Hand 

(Kt) 

(Kh) 

Constant 
(Kr) 

(Rr) 

(Rff) 

5 

10 

2,400. 

i 

I 

300. 

15.000. 

10 

10 

4»8oo. 

Jh 

I 

150. 

7,500. 

20 

10 

9,600. 

28 

I 

75. 

3,750. 

30 

10 

14,400. 

4^ 

I 

SO. 

2,500. 

40 

10 

19,200. 

<i 

I 

37.5 

1375. 

60 

10 

28,800. 

;$ 

I 

25. 

1,250. 

80 

10 
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937.5 
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I3i 

I 

15. 

750. 

150 

10 

72,000. 

20 

10 

100. 

5,000. 

200 

10 

96,000. 

26i 

10 

75. 

3,750. 

300 

10 

144,000. 

40 

10 

50. 

2,500. 

400 

10 

192,000. 

53i 

10 

37.5 

1,875 

500 
600 

10 
10 

240,000. 
288,000. 

66§ 
80 

10 
10 

30. 

25. 

1,500. 
1,250. 

800 

10 

384,000. 

1068 

10 

18.75 

937.5 

1,000 

10 

480,000. 

133J 

10 

15. 

750. 

POLYPHASE 

1 10- volt  polyphase  same  as  220-voIt  single-phase 

220  volt,  25  cycle 


Numerical 

Numerical 

Capacity 

Value  of  X 

Test 

Watt-hour 

Value  of 

Register 

Gear 

in 

Revolution 

Constant 

Constant 

Register 

Ratio 

Ratio 

Amperes 

of  zst  Dial 
Hand 

(Kt) 

(Kh) 

Constant 
(Kr) 

(Rr) 

(Rg) 

5 

10 

4,800. 

li 

I 

150. 

7,500. 

10 

10 

9,600. 

29 

I 

75. 

3,750. 

20 

10 

19,200. 

5i 

I 

37.5 

1,875. 

30 

10. 

28,800. 

8 

I 

.25. 

1,250. 

40 

10 

38,400. 

108 

I 

18.7s 

937.5 

60 

10 

57,600. 

16 

10 

125. 

6,250. 

80 

10 

76,800. 

2li 

10 

93.7 

4,685. 

100 

10 

96,000. 

268 

10 

75. 

3,750. 

150 

10 

144,000. 

40 

10 

50. 

2,500. 

200 

10 

192,000. 

53* 

10 

37.5 

1.875. 

300 

10 

288,000. 

80 

10 

25. 

1,250. 

400 

10 

384,000. 

1068 

10 

18.7s 

937.5 

500 

10 

480,000. 

133J 

10 

15. 

750. 

600 

10 

576,000. 

160 

100 

125. 

6,290. 

800 

10 

768,000. 

213J 

100 

93.7 

4,685. 

1,000 

10 

960,000. 

2668 

100 

75. 

3,750. 

The   constants   and    register   data    for    Columbia    25-cycIe 
meters  are  the  same  as  those  given  in  the  Handbook. 
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It  is  recommended  that  the  following  changes  in  schedules' 
for  periodic  testing  be  made  in  the  Electrical  Meterman's  Hand- 
book. 

Page  356  now  reads: 

'The  tendency  in  the  case  of  induction  meters,  since  the  producte 
of  modem  types,  is  to  extend  the  period,  whereas  the  maximum  penol 
of  about  one  year  is  generally  accepted  for  commutator  type  meters." 

Change  to  read : 

"The  tendency  since  the  production  of  modem  types  is  to  constantlj 
extend  the  period  as  these  newly  designed  meters  come  into  more  genoal 
use,  the  extension  of  the  periods  between  tests  applying  to  both  indoctioD 
and  commutator  meters." 

The  schedule  for  periodic  tests  now  reads : 

"The  following  is  a  suggestive  schedule  of  routine  periodic  tests 
indicative  of  modem  practise: 

Modern  Type  Alternating-Current  Induction  Meters 

AH  single-phase  induction  meters,  2-wire  or  3-wire,  up  to  and 
including  25  amperes  rated  capacity,  to  be  tested  once  in  24  months. 

All  single-phase  induction  meters,  2-wire  and  3-wire,  over  25  amperes 
rated  capacity,  to  be  tested  at  least  once  in  12  months. 

All  polyphase  induction  meters  up  to  and  induding  150  amperes,  to 
be  tested  at  least  once  in  12  months. 

All  polyphase  induction  meters  over  150  amperes  rated  capacity,  to 
be  tested  at  least  once  in  6  months. 

Continuous-Current  Commutator  Type  Meters 

All  continuous-current  commutator  type  meters,  2  or  3-wire,  no 
or  220  volts,  up  to  and  including  25  amperes  rated  capacity,  to  be  tested 
at  least  once  in  12  to  15  months. 

All  continuous-current  commutator  t3rpe  meters,  2  or  3-wire,  no 
to  220  volts,  50  to  150  amperes  rated  capacity,  to  be  tested  at  least  once 
in  9  to  12  months. 

All  continuous-current  commutator  type  meters  rated  at  150  amperes 
to  600  amperes,  to  be  tested  at  least  once  in  6  months. 

All  continuous-current  commutator  type  meters  rated  in  excess  of 
600  amperes,  to  be  tested  every  3  months." 

Change  to  read : 

"The  following  is  a  suggestive  schedule  of  routine  periodic  tests 
indicative  of  modern  practise: 

Modern  Type  Alternating-Current  Induction  Meters 

All  single-phase  induction  meters,  2-wire  or  3-wire,  up  to  and  includ- 
ing 25  amperes  rated  capacity,  to  be  tested  once  in  30  months. 

All  single-phase  induction  meters,  2-wire  or  3-wirc,  over  25  amperes 
rated  capacity,  to  be  tested  at  least  once  in  24  months. 

All  polyphase  induction  meters  up  to  and  including  150  amperes, 
to  be  tested  at  least  once  in  24  months. 

All  polyphase  induction  meters  over  150  amperes  rated  capadty, 
to  be  tested  at  least  once  in  12  months. 
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Continuous-Current  Commutator   fypv'  Meters 

All  continuous-current  commutator  type  meters,  2  and  3- wire,  no 
to  220  volts,  up  to  and  including  25  amperes  rated  capacity,  to  be  tested 
at  least  once  'in  18  months. 

All  continuous-current  conunutator  type  meters,  2  and  3-wire,  no 
to  220  volts,  25  to  500  amperes  rated  capacity,  to  be  tested  at  least  once 
in  12  months. 

All  continuous-current  commutator  type  meters,  rated  at  500  amperes 
and  over,  to  be  tested  at  least  once  in  6  months.** 

We  feel  that  in  making  the  changes  suggested,  the  specifica- 
tions of  the  Handbook  will  have  the  additional  value  gained  by 
including  a  schedule  which  has  been  approved  by  a  State  com- 
mission. 


ERRATA  IN  THE  ELECTRICAL  METERMAN'S  HAND- 
BOOK 

When  the  Electrical  Meterman's  Handbook  was  compiled,  a 
great  volume  of  figures  and  data  had  to  be  assimilated  in  a  very 
short  time.  It  was  realized  by  that  Committee  that,  in  spite  of 
strenuous  efforts  to  avoid  errors,  they  would  unavoidably  creep 
in  and  that,  in  due  time,  a  revision  would  be  desirable.  In  the 
time  which  has  elapsed  since  the  book  appeared  the  Committee 
has  solicited  criticisms  and  suggestions  for  future  editions  and 
has  accumulated  some  errata  which  can  be  most  beneficially 
utilized  by  publication  in  the  Committee's  report.  These  errata 
are  therefore  given  below,  and  the  Committee  earnestly  requests 
the  members  to  send  them  any  further  points  of  improvement. 

On  page  32,  in  the  definition  for  "Cathode,"  replace  the 
word  "enters"  by  the  word  "leaves." 

On  page  77,  insert  the  following  definition  of  a  voltage 
transformer,  after  definition  of  voltage:  "A  stationary  piece  of 
apparatus  for  transforming,  by  electromagnetic  induction,  volt- 
age or  potential,  from  one  circuit  to  another.  This  apparatus  is 
used  primarily  in  connection  with  meters  or  instruments." 

On  page  238,  Fig.  192,  the  title  should  read :  "Portable  Watt- 
meter, Electro-dynamometer  Type,  Keystone." 

On  page  547,  Fig.  372,  in  the  last  column,  replace  the  number 
"493"  by  the  number  "500,"  and  the  number  "1078"  by  the  num- 
ber "1077." 

On  page  729,  Fig.  409,  the  title  should  read:  "Thomson, 
Single-phase,  Form  C-4,  Induction  Watt-hour  Meter." 
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On  page  770,  Fig.  435,  revise  last  sentence  of  title  to  read: 
"Service  Enters  on  the  Left  for  Two-wire  Meters  and  for  Three- 
wire  Meters  Enters  Upper  Left-hand  and  Lower  Right-hand 
Terminals." 

On  page  794,  Fig.  459,  the  title  of  the  upper  view  should  be: 
"Internal  View  of  Thomson  Rectangular  Pattern,  Type  DF-2. 
Polyphase,  Induction  Watt-hour  Meter." 

On  page  1070,  left-hand  column,  8th  line  from  bottom,  should 
read :   "shunted  type,  988,  989." 

On  page  1071,  right-hand  column,  between  the  fifth  and 
sixth  lines  from  bottom,  insert:  "Potential  transformer,  see  volt- 
age transformer." 
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CO-OPERATION"  WITH  PUBLIC  SERVICE 
COMMISSIONS 
Your  Committee  ftcl.s  that  one  of  its  functions  is  to  get  in 
touch  with  various  Pulilii:  Utility  Cunimissions  as  fast  as  they  are 
organized,  and  begin  with  them  to  formulate  rules  and  regulations 
wbic'i  involve  in  any  way  electricity  meters,  their  records  or  other 
operating  features.  With  the  Code  for  Electricity  Meters  and  the 
LCIectrical  Mcternian's  Handbook  as  definitely  approved  standard 
works,  and  the  large  experience  of  the  Committee  in  the  operation 
of  meters  for  a  fouii'kitinii,  it  is  believed  that  the  Committee  can 
Ix'  f'f  service  in  llius  co-operating  with  Commissions  who  require 
information  and  data  relative  to  the  performance  of  electrici^ 
meters  under  various  conditions.  Your  Committee  further  believes 
that  if;  pnscnrc  at  such  mci'tings  will  tend  to  bring  about  greater 
niiiforniitv  in  rnk-i  ;.:i'ivrniint,'  the  use  nf  elcclricily  meters;  and 
hir  ili<;  guidance  of  future  committees  ii  would  appreciate  an 
c-vprcssioii  of  f)]iinion  from  the  Association  on  this  point. 
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The  efforts  of  the  Committee  are  met  by  the  CbmnmaoM  -  . 
generally,  with  the  greatest  appreciation,  and  the  co-open&B^ 
attitude  of  these  bodies  and  their  willingness  to  accept  suggestion  ^ 
are  exemplified  in  the  recent  conference  with   the   Wiscooal 
Railroad  Commission,  when  standards  embodied  in  the  Electrian 
Meterman's  Handbook  and  other  authorities  suggested  by  ftel  ^_ 
Committee  were  given  careful  consideration  by  the  Comniisai.r 

Your  Committee  has  assumed  it  to  be  of  interest  to  inch:hl 
in  this  report  the  laws,  rulings  and  regulations  affecting  the  meas- ■ 
urement  of  electricity  that  have  been  put  in  force  during  the  year.  I 

The  following  are  extracts  from  recent  laws,  ordinances,  ded- 1 
sions  and  revisions  affecting  the  control  and  regulation  of  Ae  I 
measurement  of  electricity  by  different  commissions  and  govern-  I 
ing  bodies.  1 

DISTRICT  OF  COLUMBIA  I 

The  Federal  Congress  has  recently  passed  a  law  creating  a  I 
Public  Utilities  Commission  for  the  District  of  Columbia.     WUc 
this  Commission  has  been  appointed,  it  has  not  yet  formulated 
rules  for  the  operation  of  electricity  meters.     Extracts  from  the 
law  pertinent  to  this  subject,  however,  are  herewith  cited. 

Extracts  from  "Law  Creating  the  Public  Utilities  Commission  of 
the  District  of  Columbia." 

Section  8,  Par.  21.  "That  the  Commission  shall  ascertain  and 
fix  adequate  and  serviceable  standards  for  the  measurement  of 
quality,  pressure,  initial  voltage,  or  other  condition  pertaining  to 
the  supply  of  the  product  or  service  rendered  by  any  public 
utility,  and  prescribe  reasonable  regulations  for  examining  and 
testing  such  product  or  service  and  for  the  measurement  thereof. 
It  shall  establish  reasonable  rules,  regulations,  specifications,  and 
standards  to  secure  the  accuracy  of  all  meters  and  appliances 
for  measurements,  and  every  public  utility  is  required  to  carry 
into  effect  all  orders  issued  by  the  Commission  relative  thereto. 

Par.  22.  'That  the  Commission  shall  provide  for  the  exam- 
ination and  testing  of  any  and  all  appliances  used  for  the  measur- 
ing of  any  product  or  service  of  a  public  utility.  Any  consumer 
or  user  may  have  any  such  appliance  tested  upon  payment  of  the 
fees  fixed  by  the  Commission.  The  Commission  shall  declare 
and  establish  reasonable  fees  to  be  paid  for  testing  such  appli- 
ances on  the  request  of  the  consumers  or  users,  the  fee  to  be  paid 
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the  consumer  or  user  at  the  time  of  his  request,  but  to  be 
id  by  the  public  utility  and  repaid  to  the  consumer  or  user 
the  appliance  be  found  defective  or  incorrect  to  the  disadvantage 
^^f  the  consumer  or  user. 

^         Par.  23.    "That  the  Commission  may  purchase  such  materials, 

iS49paratus,  and  standard  measuring  instruments  for  such  exam- 

>lnation  and  tests  as  it  may  deem  necessary.    The  Commission,  its 

:^  agents,  experts  or  examiners  shall  have  power  to  enter  upon  any 

premises  occupied  by  a  public  utility  for  the  purpose  of  making 

the  examinations  and  tests  provided  for  in  this  section,  and  to  set 

up  and  use  on  such  premises  any  apparatus  and  appliances  and 

occupy  reasonable  space  therefor. 

Par.  32.  "That  the  Commission  shall  have  power  to  adopt 
reasonable  and  proper  rules  and  regulations  relative  to  all  inspec- 
tions, tests,  audits  and  investigations,  and  to  adopt  and  publish 
reasonable  and  proper  rules  to  govern  its  proceedings  and  to  regu- 
late the  mode  and  manner  of  all  investigations  and  hearings 
of  public  utilities  and  other  parties  before  it. 

Par.  33.  "That  the  Commission  shall  keep  itself  informed  as 
to  the  manner  and  method  in  which  the  business  of  all  public 
utilities  is  conducted,  and  shall  have  the  right  to  obtain  from 
any  public  utility  all  necessary  information  to  enable  the  Com- 
mission to  perform  its  duties. 

Par.  57,  "The  Commission  shall  appoint  inspectors  of  elec- 
tric meters,  whose  duty  it  shall  be,  when  required  by  the  Com- 
mission, to  inspect,  examine  and  ascertain  the  accuracy  of  any  and 
all  electric  meters  used  or  intended  to  be  used  for  measuring  and 
ascertaining  the  quantity  of  electric  current  furnished  for  light, 
heat  or  power  by  any  person  or  corporation  to  or  for  the  use 
of  any  person  or  corporation,  and  to  inspect,  examine  and  ascer- 
tain the  accuracy  of  all  apparatus  for  testing  and  proving  the 
accuracy  of  electric  meters ;  and  when  found  to  be  or  made  to  be 
correct  the  inspector  shall  stamp  or  mark  all  such  meters  and 
apparatus  with  some  suitable  device,  which  device  shall  be 
recorded  in  the  office  of  the  Commission.  No  corporation  or  per- 
son shall  furnish,  set,  or  put  in  use  any  electric  meter  the  type 
of  which  shall  not  have  been  approved  by  the  Commission  or 
any  meter  not  approved  by  an  inspector  of  the  Commission. 

"Every  gas  corporation  and  electrical  corporation  shall  pro- 
vide, repair  and  maintain  such  suitable  premises  and  apparatus 
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and  facilties  as  may  be  required  and  approved  by  the  Commuinp 
for  testing  and  proving  the  accuracy  of  gas  and  electric  mctcMfc^ 
furnished  for  use  by  it,  and  by  which  apparatus  every  md« 
may  be  tested.  ■  p 

''If  any  consumer  to  whom  a  meter  has  been  furnished  ddl  b 
request  the  Commission  in  writing  to  inspect  such  meter,  theOtt-l  W 
mission  shall  have  the  same  inspected  and  tested ;  if  the  samM  "s 
on  being  so  tested,  shall  be  found  to  be  more  than  4  per  centum,  i  I  \ 
an  electric  meter,  or  morje  than  2  per  centum,  if  a  gas  mcta|l 
defective  or  incorrect  to  the  prejudice  of  the  consumer,  the  insptt-  ■ 
tor  shall  order  the  gas  or  electrical  corporation  forthwith  to  I 
remove  the  same  and  to  place  instead  a  correct  meter,  and  the  I 
expense  of  such  inspection  and  test  shall  be  borne  by  the  corpora-  I 
tion ;  if  the  same,  on  being  so  tested,  shall  be  found  to  be  correct,  I 
the  expense  of  such  inspection  and  test  shall  be  borne  by  the  I 
consumer.  I 

'The  Commission  shall  prescribe  such  rules  and  regulations  1 
to  carry  into  effect  the  provisions  of  this  paragraph  as  it  may  I 
deem  necessary  and  shall  fix  uniform  reasonable  charges  for  the  I 
inspection  and  testing  of  meters  upon  complaint." 

NORFOLK,  VA. 

The  following  is  a  copy  of  an  ordinance  taking  effect  March 
29,  1913: 

An  Ordinance  Providing  for  the  Inspection  of  Gas  Meters  and 
Electric  Meters 

"Be  it  ordained  by  the  Council  of  the  City  of  Norfolk,  Vir- 
ginia, as  follows : 

Section  i.  "That  in  addition  to  the  present  duties  of  the 
Superintendent  of  Electrical  Affairs  (City  Electrician),  and  with- 
out extra  compensation  therefor,  he  shall,  under  the  direction 
and  control  of  the  Board  of  Control,  make  accurate  and  impar- 
tial inspections  and  tests  of  gas  meters  and  electric  meters  in 
the  City  of  Norfolk. 

Section  2.  "No  corporation  or  person  shall  furnish  or  put  in 
use  any  gas  meter  which  shall  not  have  been  inspected, 
proved  and  sealed,  or  any  electric  meter  which  shall  not 
have  been  inspected,  approved,  stamped  or  marked,  by  said 
Superintendent  of  Electrical  Affairs,  for  which  service  the  cor- 
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poration  owning  such  meters  shall  pay  into  the  City  Treasury 
sum  of  25  cents  for  each  meter  so  inspected. 

Section  3.  ''Every  gas  and  electric  corporation  furnishing 
gas  or  electricity  for  use  in  the  City  of  Norfolk  shall  provide  and 
keep  in  and  upon  its  premises  a  suitable  and  proper  apparatus,  to 
be  approved  and  stamped  or  marked  by  the  Board  of  Control  for 
testing  and  provipg  the  accuracy  of  gas  and  electric  meters  fur- 
nished by  it  for  use,  by  which  apparatus  every  meter  may  and 
shall  be  tested,  on  the  written  request  of  the  consumer  to  whom 
the  same  shall  be  furnished,  and  in  his  presence,  if  he  desires  it, 
as  hereinafter  provided. 

Section  4.  "Whenever  request  for  the  inspection  and  test  of 
any  gas  or  electric  meter  shall  be  made  to  the  Board  of  Control 
by  or  on  behalf  of  the  person  on  whose  premises  the  meter  is 
installed,  and  such  person  shall  have  paid  into  the  City  Treasury 
a  fee  of  $1.00  therefor,  the  said  Superintendent  of  Electrical 
Affairs  shall  be  required  to  make  an  immediate  inspection  and 
test  of  such  meter  and  to  report  the  result  thereof  to  the  said 
Board.  Should  such  meter  be  shown  by  such  test  to  be  correct 
within  4  per  cent  if  an  electric  meter  and  to  be  correct  within  2 
per  cent  if  a  gas  meter,  then  and  in  that  event  the  meter  shall  be 
considered  as  standard  and  the  $1.00  so  paid  shall  remain  in  the 
City  Treasury  and  the  consumer  shall  bear  the  expense  of  said 
test.  If,  however,  said  test  shall  show  the  meter  to  be  more  than 
4  per  cent  fast,  if  an  electric  meter,  or  2  per  cent  fast,  if  a  gas 
meter,  which  percentage  of  error  will  be  registering  against  and 
to  the  prejudice  of  the  consumer,  the  Superintendent  of  Electrical 
Affairs  shall  order  the  gas  or  electrical  corporation  forthwith  to 
remove  the  same  and  to  place  instead  thereof  a  correct  meter, 
approved  by  said  Superintendent  as  provided  in  Section  2,  and 
the  deposit  of  $1.00  shall  be  returned  to  the  person  requesting  the 
inspection  and  test,  and  said  inspection  fee  shall  be  paid  in  to  the 
City  Treasury  by  the  corporation  owning  said  meter;  should  the 
meter  be  registering  more  than  4  per  cent  slow,  if  an  electric 
meter,  or  2  per  cent  slow,  if  a  gas  meter,  then,  in  that  event,  the 
fee  of  $1.00  shall  be  borne  by  the  party  requesting  the  inspection. 

Section  5.  "All  bills  against  the  corporations  owning  gas  or 
electric  meters  for  inspection  fees  shall  be  reported  to  the  Board 
of  Control,  who  shall  cause  warrants  for  collection  to  be  made 
out  against  said  corporations  for  the  said  amounts. 
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Section  6.  '*Any  person,  firm  or  corporation  who  shall  t»I^ 
late  any  provision  of  this  ordinance,  or  fail  to  comply  withai^ 
order  of  the  said  Superintendent  to  remove  a  defective  meter  aol 
place  instead  thereof  a  correct  meter,  as  provided  for  in  Sectioi 
4  of  this  ordinance,  shall  pay  a  fine  of  not  less  than  $i.oo  and  not 
more  than  $io  for  each  offense,  and  each  day  s  continuance  of 
such  violation  or  failure  to  comply  shall  be  deemed  a  sepantt 
offense. 

Section  7.  "This  ordinance  shall  be  in  force  from  and  after 
its  passage  and  due  publication,  and  all  ordinances  or  parts  oi 
ordinances  in  conflict  herewith  are  hereby  repealed." 

Adopted  by  the  Common  Council,  March  4,  19 13. 

Adopted  by  the  Board  of  Aldermen,  March  11,  1913. 

Approved  by  the  Mayor,  March  19,  1913. 

In  effect,  March  29,   1913. 

R.  E.  Steed,  City  Clerk. 

WISCONSIN 

Your  Committee  was  in  session  at  Milwaukee  the  latter  pan 
of  April,  during  which  time  the  Wisconsin  Railway  Commission 
held  a  hearing  on  the  revision  of  the  rules  for  gas  and  electric 
service.  Upon  the  invitation  of  the  Commission,  your  Committee 
attended  this  hearing  and  joined  in  the  discussion.  While  the 
Wisconsin  Commission  has  not  yet  issued  its  revised  rules  it 
undoubtedly  will  do  so  in  the  near  future. 

NEW   YORK 

The  Committee  received  the  following  communication  rel- 
ative to  recent  action  by  the  Public  Service  Commission  of  the 
First  District,  New  York: 

"The  Public  Service  Commission  of  the  First  District,  New 
York,  is,  as  far  as  can  be  learned,  the  first  body  having  juris- 
diction over  metering  matters  to  definitely  outline  a  policy  for 
periodic  testing.  The  Commission  fixed  the  periods  between  test- 
ing after  a  careful  investigation  and  hearing,  at  which,  in  addition 
to  their  own  engineers,  the  representatives  of  all  the  electric 
supply  companies  were  present  and  the  ruling  of  the  Commission 
in  this  matter  has  been  accepted  by  the  companies. 

**The  following  is  the  schedule  of  routine  periodic  tests 
adopted : 
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"yJUodern  Type  Alternating-Current  Induction  Meters 

All  single-phase  induction  meters,  2-wire  or  3-wire  up  to 
-Z^tmd  including  25  amperes  rated  capacity,  to  be  tested  once  in 
T  ^30  months. 

All  single-phase  induction  meters,  2-wire  or  3-wire,  over  25 
amperes  rated  capacity,  to  be  tested  at  least  once  in  24  months. 

All  polyphase  induction  meters  up  to  and  including  150 
amperes  to  be  tested  at  least  once  in  24  months. 

All  polyphase  induction  meters  over  150  amperes  rated  capac- 
ity to  be  tested  at  least  once  in  12  months. 

Continuous-Current  Commutator  Type  Meters 

All  continuous-current  commutator  type  meters,  2  and  3-wire, 
1 10  or  220  volts,  up  to  and  including  25  amperes  rated  capacity, 
to  be  tested  at  least  once  in  18  months. 

All  continuous-current  commutator  type  meters,  2  and  3-wirc, 
1 10  to  220  volts,  25  to  500  amperes  rated  capacity,  to  be  tested 
at  least  once  in  12  months. 

All  continuous-current  commutator  type  meters,  rated  at  500 
amperes  and  over,  to  be  tested  at  least  once  in  six  months." 

Respectfully  submitted, 

W.  H.  Fellows,  Chairman 


Committee 


P.  H.  Bartlett 

C.  G.  DURFEE 

F.  A.  Vaughn 
W.  L.  Wadsworth 


DISCUSSION 

Mr.  John  C.  Parker,  Rochester,  N.  Y. :  Mr.  Chairman, 
the  report  of  the  Meter  Committee  is  such  a  condensed  piece  of 
strong  meat  that  one  is  likely,  in  looking  it  over,  to  miss  some 
of  the  good  points,  and,  perhaps,  to  omit  the  one  criticism  that 
might  be  made  on  it.  That  criticism  is  due  primarily  to  the  state 
of  the  art,  and  not  to  the  labors  of  the  Committee.  It  lies  in  the 
fact  that  the  report  has  but  little  to  say  on  the  subject  of 
demand  meters.  It  is  obvious  that  we  are  up  against  a  rather 
absurd  condition  when  we  are  striving  for  a  tremendous  degree 
of  accuracy  in  kilowatt-hour  meters,  while  practically  all  of  the 
companies  make   rates  based   more  or   less  arbitrarily   on   the 
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solicitor's  look  at  the  customer's  installation,  or  an  estimate  oil 
the  connected  load  from  this,  that  and  the  other  thing,  wKck^ 
will  vary  the  rate  itself  by  lo  to  20  per  cent.  With  such  a 
condition,  i,  2.  3  or  4  per  cent  of  inaccuracy  in  a  kilowatt-hoo 
meter  becomes  rather  an  absurdity. 

Now,  we  find  ourselves  in  a  position  where  the  Committtt 
is  able  to  report  but  three  types  of  demand  meter,  which  is  rcaDy 
equally  important  with  the  kilowatt-hour  meter.  All  three  types 
named  seem  to  be  subject  to  some  criticism,  and  that  is  perhaps 
what  might  be  expected  in  the  early  stage  of  the  maximum 
demand  meter  in  the  industry.  The  first  type,  unfortunatdy, 
does  not  give  a  direct  record  of  demand,. requiring  more  or  less 
clerical  attention  in  its  interpretation,  and  does  not  show  the  con- 
sumer what  he  is  doing  from  hour  to  hour,  nor  at  any  time  during 
the  month.  One  other  difficulty,  it  seems  to  me,  must  always 
obtain  with  a  meter  of  the  type  first  described.  With  say  a  half- 
hour  demand  interval,  the  meter  will  have  to  make,  infallibly  and 
regularly,  1440  contacts  during  the  month,  and  if  you  are  a  light- 
ning calculator,  you  may  multiply  that  by  12  to  get  its  annual 
performance,  something  more  than  16,000  contacts  in  a  year. 
Tt  is  inconceivable  that  any  form  of  contact-making  device  should 
not  at  some  time  or  other  during  its  annual  performance,  fail  to 
work.  If  such  a  meter  does  make  a  miss-stroke  at  a  time 
when  normal  load  is  placed  on  the  system  by  the  customer,  no 
great  difficulty  arises.  The  meter  in  such  a  case  would  run 
for  that  hour,  recording  something  like  double  what  the  con- 
sumer's maximum  demand  really  should  be,  and  the  clerical  force 
will  catch  that;  but  if  the  miss  happens  when  the  customer  is 
carrying  something  like  60  per  cent  of  his  normal  maximum 
demand,  the  meter  will  record  120  per  cent  of  what  the  normal 
maximum  demand  is,  and  the  clerical  force  will  very  likely  let 
that  pass.  Not  so  the  customer,  however,  and  then  trouble  comes, 
and  a  lack  of  confidence  in  metering  devices. 

The  second  type  of  meter  described  seems  to  get  away 
from  that  difficulty  excellently.  Unfortunately,  however,  it  is 
an  indicating  device.  The  integrating  meter  reading  is  taken,  and 
in  case  of  dispute,  one  can  always  compare  the  last  record  read- 
ing::: and  the  reading  at  the  time  of  dispute,  and  arrive  at  a  fairly 
reasonable  settlement  with  the  customer.  That  does  not  seem 
to  be  the  case  with  this  second  type  described,  the  Westinghouse 
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The  third  type,  the  curve-drawing  type,  is  rather  difficult 
1  that  it  requires  more  skilled  clerical  effort  in  interpretation, 
ind  has  more  or  less  arbitrary  rules  as  to  its  use  at  intervals, 
:or  measuring  the  demand. 

It  is  quite  apparent  from  the  ground  that  the  report  has 
covered  that  an  absolutely  important  part  of  the  meter  industry, 
one  which  controls  our  gross  revenue  and  equitable  charges  for 
service  to  our  customers,  leaves  a  great  deal  to  be  desired.  If 
some  manufacturer  can  give  us  an  instrument  that  will  print  a 
record  that  can  be  taken  away  and  filed  for  reference  in  the 
company's  office  for  two  or  three  months  after  the  demand  has 
occurred,  which  does  not  depend  for  its  permanent  accuracy  on 
the  non-failure  of  contact-making  devices,  and  which  will  give 
some  time  duration  to  the  demand,  instead  of  being  instantane- 
ous, we  shall  come  very  close  to  where  we  should  be  on  this 
demand  feature  in  metering. 

I  wish  to  introduce  these  considerations  into  the  discussion 
in  the  hope  that  they  may  encourage  or  stimulate  manufac- 
turers who  are  developing  demand  meters,  and  also  indicate  what 
one,  at  least,  of  the  operating  companies  is  looking  to  the  manu- 
facturers for. 

Mr.  F.  G.  Vaughen,  Schenectady:  It  has  always  been  my 
custom  to  congratulate  the  meter  committee  on  the  work  that  it 
has  done  in  the  past  year.  It  is  only  necessary  to  read  the 
report  to  see  that  this  committee  has  been  active.  During  the 
past  three  or  four  years  they  have  done  exceptionally  fine  work. 
TTiere  is  no  question  in  my  mind  that  they  have  greatly  assisted 
ftc  operating  companies  of  the  United  States  by  issuing  the 
Meterman's  Handbook,  a  most  excellent  publication.  The  com- 
mittee is  all  the  time  giving  great  assistance  to  the  manufactur- 
ers. It  attempts  to  help  us  in  standardization,  a  thing  which  is 
necessary  to  secure  the  best  results  in  manufacturing.  The  speci- 
fications given  in  this  report  covering  meter  registers  are  some- 
thing which  we,  of  the  General  Tllectric  Co.,  are  very  glad  to 
have.  Unquestionably,  to  some  of  the  op*erating  companies  it 
^  appear  somewhat  complex  at  first  sight,  but,  I  think,  they 
will  find  that  it  will  eliminate  a  great  deal  of  confusion  in  taking 
Jieter  readings  and  making  bills. 


My  statement  in  reference  to'  standardization  also  applkii 
diagrams.     I  think  the  step  taken  on  the  part  of  the  comimtt| 
is  excellent.    A  great  deal  of  trouble  is  due,  particularly  m  «^Y^^ 
nection  with  polyphase  installations,  to  the  various  methods  tMB*^  ^ 
by  different  manufacturers  in  drawing  their  diagrams,  and  vM 
having  the  meter  properly  connected  in  the  circuit.  I 

I  have  listened  with  much  interest  to  Mr.  Parker's  commoil''''^ 
on  the  maximum  demand  indicator  proposition.    However,  1 4iJ^ 
not  feel  that  I  am  in  a  position  to  say  anything  definite  on  ti 
subject,  although  I  appreciate  fully  Mr.  Parker's  views.    Theiil 
seems  to  be  to-day  an  urgent  demand  for  a  suitable  maximtml 
demand  indicator.     However,  the  proposition  has  been  far  raoTt|  ^' 
difficult  than  appears  from  the  name.     It  is,  in  fact,  a  very  diffi-1 
cult  proposition,  there  are  many  phases  of  it,  and  it  is  a  ques-l 
tion  what  they  should  actually  accomplish.     While   we  appre- 1 
ciate  the  fact  that  in  the  last  six  months  to  a  year  the  operating  I 
companies  have  come  more  nearly  into  line  in   their  opinions  I 
and   comments,   there   is   still   a   certain   difference   of   opinion.  I 
confusion  still  exists.     This  morning  I  have  talked  with  three  1 
gentlemen  here  at  the  convention  on  the  maximum  demand  indi-  I 
cator  situation,  and  no  two  of  them  agree.     Until  opinions  become  1 
fixed  and  demands  more  uniform  than  those  of  to-day,  it  will   | 
still  be  a  problem  as  to  what  can  actually  be  produced  in  the    | 
way  of  a  device  to  meet  the  situation. 

The  Chairman:  I  understand  that  Mr.  Wilder,  the  elec- 
trical engineer  of  the  Public  Service  Commission,  First  District 
of  New  York,  is  here.  If  he  cares  to  say  a  word  to  us  on  this 
subject,  I  would  be  very  glad  to  welcome  him,  and  to  offer  him 
the  privilege  of  the  floor. 

Mr.  Ci.ifton  W.  Wilder.  New  York  City:  I  have  nothing 
to  say,  Mr.  Chairman,  except  that  I  note  what  the  committee 
lias  stated  in  regard  to  co-operation  with  the  Commission  in 
the  matter  of  meter  rules  and  so  forth.  We  have  depended  very 
largely,  in  formulating  our  rules,  on  the  information  obtained 
from  and  given  us  by  the  companies  in  the  city  of  New  York, 
and,  T  think,  the  spirit  of  co-operation  has  proved  extremely 
beneficial  to  both  the  IToniinission  and  the  companies.  The  com- 
panies have  always  been  free  to  come  into  hearings  whenever 
rules  were  under  consideration,  and  to  state  very  frankly  what 
they  thought  these  should  cover,  and,  in  that  way,  we  have  for- 
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Lulated  rules,  some  of  which  are  quoted  in  the  Committee's 
eport.  I  think  that  wherever  there  are  Commissions  with  juris- 
liction,  co-operation  of  this  kind  will  prove  very  beneficial  to 
oth  parties. 

The  Chairman  :  Is  there  to  be  any  further  discussion  on 
his  subject,  gentlemen?  If  not,  we  will  proceed  to  the  next 
report,  that  of  the  Committee  on  Grounding  Secondaries,  Mr. 
31ood,  Chairman. 

Mr.  W.  H.  Blood,  Jr.,  Boston:  This  committee  report  is 
nore  or  less  in  the  nature  of  a  hardy  perennial,  but,  I  think, 
:his  year  it  has  reached  its  maturity,  and  it  is  time  to  cut. 


li— 12 


REPORT  OF  THE  COMMITTEE  ON  GROUNolS 

ING  SECONDARIES 

For  the  past  six  years  the  Committee  on  Grounding  Seooi'_^ 
daries  has  put  forth  its  best  efforts  to  arouse  public  sentinttS| 
as  to  the  desirability  of  grounding  secondaries,   and   has  per- 
sistently endeavored  to  secure  a  modification  of   the  Natkxal 
Electrical  Code  so  as  to  make  grounding  a  definite  requirenuflt 
for  all  wiring  installations. 

At  the  start,  opposition  was  encountered  from  many  of  die 
electric  lighting  companies,  the  claim  being  made  that  ground- 
ing secondaries  was  an  unnecessary  expense;  that  the  idea  was 
inconsistent  with  the  rules  of  the  Code,  for  it  required  all  wires 
to  be  thoroughly  insulated  and  then  one  of  them  deliberateh 
connected  with  the  ground  from  which,  at  considerable  expense, 
it  was  elsewhere  insulated ;  that  a  permanent  ground  put  an  extra 
strain  upon  the  system  and  made  it  more  likely  for  transformers 
and  meters  to  burn  out. 

The  Underwriters  originally  took  the  position  that  the 
grounding  of  secondaries  was  primarily  a  protection  to  persons 
rather  than  to  property,  and  that  if  a  rule  were  inserted  in  the 
Code  requiring  the  grounding  of  secondaries,  they  would  have 
no  way  of  enforcing  it. 

Some  municipalities  operating  their  own  water  supply  systems 
and  a  few  privately  owned  water  works  companies  objected  to  the 
attaching  of  electric  lighting  wires  to  their  piping  systems,  fear- 
ing that  electrolysis  might  follow,  thus  weakening  the  piping 
systems,  causing  constant  loss  of  water  and  also  making  it  impos- 
sible to  safely  furnish  high  pressure  at  times  of  fires. 

A  Committee  of  the  American  Institute  of  Electrical  Engi- 
neers appointed  to  consider  this  same  subject,  while  agreeing 
in  principle  with  the  Committee  of  the  National  Electric  Light 
Association,  originally  wished  to  include  the  mandatory  ground- 
ing of  circuits  carrying  as  high  as  250  volts. 

As  the  result  of  various  conferences,  by  a  large  amount  of 
publicity  work,  and  by  the  personal  efforts  of  the  members  of 
your  Committee,  an  almost  unanimous  opinion  now  prevails 
with  regard  to  the  desirability  of  grounding  secondaries. 


The  electric  lighting  companies  now  fully  realize  that  by 

■gIpDunding  secondaries  their  customers  are  protected  from  fatal 

^ihocks  due  to  line  troubles  or  faulty  transformers.    The  expense 

of  grounding  secondaries  has  been  shown  to  be  slight  and  well 

^worth  taking,  in  that  it  prevents  serious  and  fatal  accidents, 

jZHfaus  saving  the  company  from  lawsuits  and  financial  losses.    It 

•\has  also  been  proved  by  the  records  of  the  companies  that  there 

is  no  extra  burden  placed  upon  meters  and  transformers  because 

of  grounded  secondaries.    The  companies  find,  however,  that  to 

"  ground   old   wiring   installations   which   are   already   partially 

grounded  is  not  good  practise,  and  that  it  is  necessary  first  to 

'  dear  up  the  insulation  of  old  wiring  jobs,  thus  making  them 

•  safer  from  every  standpoint  and  materially  reducing  the  fire 

3"  risk,  as  well  as  providing  a  reliable  protection  against  injurious 

"'  or  fatal  shocks. 

The  Underwriters*  organization  was  broadened  about  two 

"    years  ago  and  the  revision  of  the  rules  of  the  National  Electrical 

'   Code  became  a  function  of  the  Electrical  Committee  of  the 

^  National  Fire  Protection  Association.    This  Committee  includes 

representatives  from  all  of  the  national  electrical  associations 

^  and  because  of  this  make-up  is  able  to  recognize  the  life  hazard  as 

'   well  as  the  fire  hazard,  and  thoroughly  approves  of  the  mandatory 

"    grounding  of  secondaries. 

The  municipal  authorities  now  largely  agree  that  in  the 
making  of  wiring  rules  it  is  fully  as  important  to  see  that  life 
is  protected  as  that  property  is  protected,  and  they  appreciate 
that  the  grounding  of  secondaries  is  the  most  satisfactory  method 
yet  suggested  for  keeping  out  of  buildings  high  potential  and 
dangerous  currents.  It  is  well  recognized  by  those  who  have 
studied  the  subject,  that  the  connecting  of  secondary  alternating- 
current  systems  to  water  pipes  does  not  produce  any  addi- 
tional burden  upon  the  piping  systems.  It  has  also  been  proved 
conclusively  that  an  alternating-current  does  not  produce  elec- 
trolysis. 

While  it  is  believed  that  the  Committee  of  the  American 
Institute  of  Electrical  Engineers  still  adheres  to  its  former  opinion 
that  grounding  should  include  250-volt  circuits,  the  Committee 
of  the  National  Electric  Light  Association  does  not  agree  that 
this  procedure  is  always  wise.     A  compromise  as  to  the  voltage 
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which  should  be  specified  was  effected  between  the  Committor! 
the  recommendation  of  the  joint  Committees  being  to  make  the 
rule  mandatory  to  ground  circuits  up  to  150  volts  and  to  Icaic 
it  optional  above  that  voltage.  The  National  Electric  Light  Asso- 
ciation Committee  believes  that  this  is  a  satisfactory  solution, 
for  it  covers,  with  very  few  exceptions,  all  of  the  lighting  instal- 
lations in  the  country,  and  so  protects  practically  all  users  of 
electric  light.  As  the  wiring  of  2SO-volt  circuits  applies  almost 
entirely  to  motor  installations,  which  are  generally  constructed 
with  more  care  and  as  motors  are  ordinarily  under  more  expert 
supervision,  it  is  believed  that  the  liability  to  accidents  on  these 
circuits  is  not  large.  The  exact  wording  of  the  rule  as  it  will 
appear  in  the  Code  was  referred  back  to  a  Committee  of  the 
National  Fire  Protection  Association.  This  Committee  has  not 
as  yet  made  its  final  report,  so  that  at  the  present  moment  it  is 
impossible  to  present  the  wording  as  it  will  appear.  The  prin- 
cipal point,  however,  is  that  the  new  rule  will  contain  the 
provision  that  circuits  in  which  the  maximum  difference  of  po- 
tential between  the  grounded  point  and  any  other  point  does 
not  exceed  150  volts  must  be  grounded,  and  that  when  the  maxi- 
mum difference  of  potention  between  the  grounded  point  and  any 
other  point  exceeds  150  volts  it  may  be  grounded. 

The  Committee's  recommendation  to  all  member  companies 
is  that  they  anticipate  so  far  as  possible  the  enforcement  of  this  rule. 
The  Committee  also  wishes  particularly  to  emphasize  its  conviction 
that  a  poor  ground  connection  is  very  undesirable  and  may,  under 
some  conditions,  be  worse  than  no  ground  at  all.  The  Committee 
firmly  believes  that  a  ground  connection  made  to  a  complete 
metallic  underground  piping  system  is  the  best  that  can  be  se- 
cured and  that  the  best  practise  is  to  ground  each  service  at  a 
point  where  it  enters  the  building.  Another  method,  equally 
satisfactory  where  many  customers  are  served  in  a  limited  area, 
is  that  of  running  a  neutral  ground  wire  upon  the  pole  line,  con- 
nections being  made  to  the  ground  through  metallic  underg^und 
piping  systems  atf  all  substations  and  at  other  places  where  such 
piping  can  be  reached.  The  modified  rule  in  the  Code  permits 
other  methods  under  different  conditions,  but  they  are  to  be 
utilized  only  when  a  metallic  piping  system  is  not  available. 

The  Committee  believes,  by  securing  the  adoption  of  this  rule 
by  the  National  Fire  Protection  Association,  that  it  has   ful- 
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filled  its  mission,  and,  therefore,  recommends  the  acceptance  of 
this  report  and  the  discharge  of  the  Committee. 

Respectfully  submitted, 

W.  H.  Blood,  Jr.,  Chairman 
W.  C.  L.  Eglin 
H.  B.  Gear 
W.  T.  Morrison 
[Paul  Lincoln* 


Committee 


DISCUSSION 

The  Chairman:  Gentlemen,  this  report  is  before  you  for 
discussion.  It  is  not  within  the  province  of  this  meeting  to 
act  on  the  request  of  the  Committee  that  it  be  discharged,  but 
it  might  be  well  to  have  an  expression  of  views  from  some  of  the 
members  as  to  whether  they  think  it  important  that  this  special 
work  should  be  continued. 

Mr.  H.  B.  Gear,  Chicago:  Mr.  Chairman,  I  move  you  that 
it  be  the  sense  of  this  conference  and  that  we  recommend  to  the 
Executive  Committee  that  this  Committee  on  Grounding  Sec- 
ondaries be  discharged. 

Mr.  Wm.  C.  L.  Eglin,  Philadelphia :  I  would  like  to  amend 
that  by  having  it  read,  that  the  report  be  accepted  and  the 
Committee  discharged. 

Mr.  Gear:    I  will  accept  that. 

(The  motion  as  amended  was  duly  seconded  and  carried.) 

The  Chairman  :  The  next  number  is  the  Report  of  the 
Lamp  Committee,  Mr.  Frank  W.  Smith,  Chairman. 

Mr.  Frank  W.  Smith,  New  York  City:  I  believe  I  cannot 
do  better  than  present  this,  the  Report  of  the  Lamp  Committee,  in 
abstract  as  printed  in  the  front  part  of  the  paper.  Your  Com- 
mittee, hopes,  however,  that  the  members  will  find  an  opportunity 
to  read  the  report  through  and  that  it  will  be  found  helpful  in 
some  directions  and  furnish  useful  information  concerning  this 
important  branch  of  our  business — the  incandescent  lamp. 

On  behalf  of  the  Committee  I  desire  to  acknowledge  with 
thanks  the  co-operation  of  the  lamp  manufacturers  and  others 
who  were  helpful  in  the  preparation  of  this  report. 

*  Not  signed  by  Mr.  Lincoln,  as  he  was  travelling  in  the  West  when  the  report  went  to 
print. 
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REPORT  OF  THE  LAMP/ COMMITTEE 

The  work  of  the  Lamp  Committee  during  the  past  year  hn  P 
been  principally  confined  to  the  collection  of  data  and  the  prqi-l  ^ 
ration  and  publication  in  the  Association  monthly  Bulletin  of  arti- 
cles covering  the  various  phases  of  the  incandescent  Isiap  sitih 
ation,  the  committee  carrying  out  in  this  respect  the  recommenda- 
tions embodied  in  the  report  submitted  at  Seattle  in  1912. 

Articles  have  so  far  appeared  in  the  Bulletin  on  the  following 
subjects : 

"The    Passing   of    the    High-Wattage 

Carbon   and  Gem  Lamps" September,  1912 

The    Increasing    Importance    of    Sign 

Lighting"   February,  1913 

The   Mazda  Lamp   in   Residence  Light- 
ing"  March,  1913 

"Incandescent  Lamp  Developments  Since  the 

Last  Lamp  Committee  Report" April,  1913 

Your  Committee  has  felt  that  the  best  interests  of  the  mem- 
ber companies  would  be  served  by  this  method  of  disseminating 
information  throughout  the  year  rather  than  by  holding  the  data 
for  presentation  at  the  annual  convention. 

This  report  will,  therefore,  not  concern  itself  particularly 
with  the  details  already  covered  in  these  various  articles,  but 
for  ready  reference  the  articles  are  reproduced  herein  in  full  as  an 
appendix.  Such  additional  information  as  would  seem  to  your 
Committee  to  be  of  interest  at  this  time  is  herewith  presented. 

LAMP    SALES 

In  the  1912  report  the  total  sales  of  lamps  of  all  types  for 
domestic  use  was  stated  to  be  in  round  figures  eighty-five  million 
(85,000,000).  During  1912  changes  in  the  method  of  report- 
ing sales  by  the  manufacturers  prevent  an  accurate  determination 
of  such  sales,  but  in  round  figures  the  total  sales  aggregated 
approximately  ninety  million  (90,000,000)  lamps.  This  is  an 
increase  since  1907  of  41.7  per  cent  and  for  the  year  1909,  20.09 
per  cent;  1910,  12.40  per  cent;  191 1,  8.45  per  cent;  and  1912, 
5.87  per  cent. 

The  committee  again  presents  a  table,  including  the  year 
191 2,  showing  the  extent  to  which  lamps  of  the  diflFerent  types 
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tcarbon,  gem,  tantalum  and  mazda)  contributed  to  the  total  out- 
-^^t  during  the  period   from   1907   (the  advent  of  the  mazda 
^Aunp)  to  1912,  inclusive: 
•^. 

"^DOMESTIC     INCANDESCENT     LAMP     SALES     I907-I912,     INCLUSIVE, 
J  SHOWING  PERCENTAGE  OF  CARBON,  GEM,  TANTALUM 

AND   MAZDA  TO  TOTAL 

igo7  1908  1909  1910  191 1  191a 

Type  Percent     Per  Cent       Per  Cent     Per  Cent     Per  Cent     Per  Cent 

Carbon    93.27  84.12  68.98  6308  52.90  2547 

Gem    5.88  8.58  15.07  14.88  19.00  33.59 

Tantalum 75  .        1.78  2.12  3.57  2.74  loo 

Mazda 10  5.52  13.83  1847  25.30  39.94 

Total    100  100  100  100  99.94        100 

Last  year  the  Committee  predicted  that  for  19 12  the  output 
of  the  carbon  lamp  would  be  reduced  to  about  20  per  cent  of 
the  total  sales.  The  actual  figure,  as  indicated,  was  25.57  per 
cent,  .1  marked  reduction  over  191 1,  with  an  offsetting  increase 
in  the  output  of  the  gem-metallized  and  mazda,  the  sales!  of  the 
carbon  lamp  dropping  to  less  than  50  per  cent  of  the  output  for 
the  previous  year  (1911).  It  is  reported  that  orders  received  by 
the  lamp  manufacturers  for  the  past  few  months  indicate  that  the 
sales  of  the  carbon  lamp  during  the  present  year  (1913)  will  be 
less  than  10  per  cent  of  the  total  output. 

The  output  of  gem-metallized  filament  lamps  increased  from 
19  per  cent  to  33.59  per  cent  during  the  past  year,  while  the  mazda 
lamps  increased  from  23.36  per  cent  to  practically  40  per  cent 
of  the  total  output.  This  shifting  of  demand  from  one  type  of 
lamp  to  another  during  the  past  six  years,  as  indicated  in  the 
following  table,  is  more  graphically  shown  in  the  curve  herewith, 
which  is  a  reproduction  of  the  curve  shown  in  the  last  year's 
report  extended  for  another  year,  so  as  to  include  19 12. 

The  output  of  the  tantalum  lamp  during  the  past  year  has 
been  further  reduced,  and  is  now  a  negligible  quantity,  represent- 
ing in  the  aggregate  practically  the  same  volume  of  business  as 
in  1907,  six  years  ago,  when  this  type  of  lamp  was  first  intro- 
duced. 

The  Lamp  Committee  in  its  report  last  year  earnestly  recom- 
mended to  all  member  companies,  both  small  and  large,  the  adop- 
tion of  the  gem-metallized  lamp  in  substitution  of  the  carbon  lamp. 
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That  this  practise  has  been  adopted  to  a  very  miarked  degree  is 
recorded  in  the  increased  demand  for  gem-metallized  lamps  dur- 
3  ing  1912,  the  sales  for  the  past  year  showing  an  increase  of  75 
per  cent  over  191 1.    Under  the  prevailing  conditions  there  would 
^  seem  to  be  no  reasonable  excuse  for  failure  on  the  part  of  member 
"  companies  to  adopt  the  gem-metallized  filament  lamp  in  substitu- 
^  tion  of  the  carbon  lamp,  and  your  committee  repeats  its  recom- 
mendation of  last  year  in  that  respect. 

In  this  connection  it  is  interesting  to  point  out  that  under 
^  date  of  February  i,  1913,  the  Treasury  Department  of  the  United 
States  Government  issued  an  order  covering  instructions  for  the 
use  of  electric  lamps,  which  set  forth  that  after  that  date  gem  or 
carbon  metallized-filament  lamps  of  any  description  must  not  be 
used,  thus  adopting  the  mazda  lamp  exclusively  for  the  pur- 
poses of  the  Government. 

In  order  that  it  might  be  determined  to  what  extent  member 
companies  had  adopted  the  gem-metallized  filament  lamp,  and  in 
what  respect,  if  any,  the  company  policy  had  been  changed  with 
respect  to  the  incandescent  lamp  situation  generally  during  the 
past  year  or  two,  your  Committee  early  in  April  caused  to  be  sent 
to  member  companies  a  return  post  card  of  inquiry  on  the  follow- 
ing points: 

"In  what  respect,  if  any,  has  the  policy  of  your  company 
changed  within  the  past  two  years  in  regard  to  lamp  renewals?** 
"Are  you  now  supplying  free  renewals  of  carbon  lamps?" 
"Are  you  now  supplying  free  renewals  of  gem  lamps?" 
"What  is  your  present  policy  as  to  first  installation  as  well 
as  to  renewal  of  tungsten  lamps,  and  under  what  conditions  do 
you  supply  them?" 

ANALYSIS 

An  analysis  of  the  replies  indicates  the  following: 

Eleven  per  cent  of  the  member  companies  reported  a  change 
within  the  last  year  or  two  in  their  lamp  policy,  these  changes 
summarizing  as  follows : 

No.  of 
Companies  Per  Cent 

Substituted  free  gem  lamps  for  carbons 14  3 

Discontinued  free  renewals  13  2.5 

Tnaugfurated   free  renewals    14  3 

Discontinued  furnishing  carbon  lamps 11  2 

Reduced  price  on  renewals   (companies  pursuing 

noii-frce  renewal  policy)   8  2 
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In  the  matter  of  free  renewals,  the  following^  table  gives 
policy  of  the  companies  reporting,  the  percentag^e  figures  bdifl 
based  on  the  number  of  companies  replying  to  the  inquiry: 

FREE  RENEWAL 

Carbon  Gem 

Yes  No  Yes  No 

29*  49<  37J<  58* 

(The  difference  between  the  total  percentages  of  "Yes"  and 
"No"  under  carbon  and  gem  and  the  total,  100  per  cent,  is  made 
up  by  companies  reporting  which  have  discontinued  to  funi^ 
carbon  lamps  and  companies  reporting  as  not  furnishing  lainpi 
at  all.) 

In  a  few  instances  companies  reported  furnishing  free  it- 
newal  on  commercial  service  and  non-renewal  on  domestic  service. 
In  several  cases  free  renewals  are  made  with  consumers  on  a 
flat-rate  basis  with  non-renewal  on  metered  service,  while  this 
policy  is  reversed  in  about  an  equal  number  of  cases ;  that  is,  free 
renewals  are  furnished  in  the  case  of  metered  service,  with  non- 
renewal on  flat-rate  customers. 

Fifteen  per  cent  of  the  companies  reported  the  discontinuance 
of  the  carbon  lamp. 

Four  per  cent  reported  that  they  are  not  supplying  lamps  at 
all. 

In  several  cases  gem  lamps  are  furnished  in  the  higher  watt- 
ages,  while  carbons  are  supplied  for  lower  wattages. 

Several  companies  reported  very  unfavorable  experience  with 
gem  lamps. 

The  policy  of  the  companies  reporting  as  to  the  first  instal- 
lation and  renewal  of  mazda  lamps  and  the  conditions  under 
which  they  are  supplied  is  indicated  in  the  following  summary: 

No.  of 
CompAnies  Per  Cent 

Mazda   lamps    furnished    at    list   price,   both    first 

installation  and  renewal 283  58 

Mazda  lamps  furnished  at  a  small  profit 57  .11 

Mazda  lamps  furnished  at  cost 83  17 

First  installation  purchased  by  customer,  renewal 

at  cost,  less  price  of  carbon  or- gem 11  2 

First  installation  at  list  price,  allowance  on  re- 
newals of  from  10  to  15  cents 10  2 

In  a  few  cases  the  first  installation  is  given  free  and  renewals 
at  cost,  and  in  one  or  two  cases  where  the  first  installation  is  fur- 
nished free  a  small  allowance  is  made  on  renewals,  while  in  one 
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case  the  first  installation  is  charged  for  and  renewals  are  sup- 
plied free. 

About  5  per  cent  of  the  companies  leporting  do  not  supply 
niazda  lamps,  this  type  of  lamp  being  furnished  by  dealers. 

A  number  of  companies  report  that  they  are  furnishing  the 
higher  wattages  free  on  both  first  installation  and  renewals,  that 
is,  the  250-watt,  400-watt  and  500-watt  mazdas. 

Your  Committee  is  of  the  opinion  that  it  would  be  profitable 
to  investigate  further  some  points  brought  out  by  these  replies. 
For  instance,  it  would  be  interesting  to  know  the  conditions  which 
prompted  13  companies  to  discontinue  the  free  renewal  policy 
while  14  reported  inaugurating  a  free  renewal  system. 

It  would  be  well  to  ascertain  why  a  large  percentage  of  mem- 
ber companies  still  refrain  from  adopting  or  recommending  to 
their  customers  the  gem-metallized  lamp.  Also  to  learn  in  what 
respect  the  gem-metallized  lamp  is  at  this  late  date  reported  by 
several  companies  as  having  proven  unsatisfactory. 

DEVELOPMENT 

The  past  year  has  witnessed  a  more  rapid  development  in 
the  tungsten-filament  lamp  than  previous  years.  The  pressed- 
filament  lamp  has  been  abandoned  by  all  of  the  large  American 
manufacturers  and  they  have  universally  adopted  the  use  of 
drawn  tungsten  wire.  Working  in  conjunction,  they  have 
adopted  the  same  general  design,  and  their  united  efforts  are 
resulting  in  more  marked  advance  in  the  art  of  incandescent 
lamp  manufacture.  The  improvements  and  economies  in  manu- 
facturing processes  during  the  year  have  enabled  the  manufac- 
turers to  put  into  effect  reduced  schedules  of  prices  on  the  mazda 
lamps.  Developments  have  also  improved  the  quality  of  the 
lamp  and  a  constant  increase  in  efficiency  has  been  possible, 
while  the  life  of  the  lamp  has  been  maintained  compatible  with 
the  life  most  suitable  for  comnnercial  service,  and  that  guaran- 
teed. With  improvements  which  seem  likely  to  be  realized  in 
the  near  future,  it  may  be  practicable  to  make  further  advance- 
ment in  efficiencies  without  material  sacrifice  of  life. 

In  the  Committee's  report  of  last  year  reference  was  made 
to  marked  improvement  in  the  quality  of  high-wattage  mazda 
lamps  of  250  watt  and  above.  During  the  past  year  this  improve- 
ment has  been  extended  to  the  150-watt  and  100- watt  lamps. 
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ELECTRIC  SIGN  LIGHTING 

This  subject  is  treated  rather  fully  in  one  of  the  articks 
published  during  the  year  and  appended  herewith. 

The  development  of  the  electric  sign  business  has  continued 
during  the  year  and  central-station  companies  very  generally 
report  a  marked  increase  in  sign  business. 

Very  satisfactory  results  are  being  obtained  by  the  use  of 
special  tungsten-filament  lamps  for  this  service,  and  all  of  die 
larger  lamp  manufacturers  report  a  marked  increase  in  the  out- 
put of  the  sign  lamp. 

Your  Committee  feels  that  the  member  companies  will  do 
well  to  address  themselves  to  this  branch  of  the  business  as 
presenting  attractive  possibility  for  increased  output. 

■ 

.     NEW   TYPES   OF   LAMPS   STANDARDIZED 

Since  May  i,  1912,  a  number  of  new  types  and  sizes  of 
lamps  have  been  standardized  and  announced  by  the  manufac- 
turers as  additions  to  their  regular  schedules.  These  new  types 
of  lamps  are  as  follows: 

TUNGSTEN    FILAMENT    LAMPS 
REGULAR  SERVICE 

lo-watt  100-130  volt  S-17  bulb 
40-watt  100-130  volt  S-19  bulb 
60-watt  100-130  volt  S-21  bulb 

SIGN  LAMPS 

5-watt    60-  65  volt  S-14  bulb 
10-watt  100-130  volt  S-14  bulb 

DECORATIVE   SERVICE 

1 5- watt  100-130  volt  B-  9  bulb 
1 5-watt  100-130  volt  D-  95^  bulb 
15- watt  100-130  volt  T-  8  bulb 
1 5-watt  100-130  volt  G-i6^  bulb 
15-watt  100-130  volt  P-i2^  bulb 

SERIES   BURNING  RAILWAY   SERVICE 

56- watt  100-130  volt  S-21  bulb 
94- watt  100-130  volt  S-245^  bulb 

HEADLIGHT  AND  STEREOPTICON  SERVICE 

loo-watt  100-130  volt  Cj-30  volt 
In  addition  to  the  above,  a  complete  line  of  6  and  7-volt 
tungsten-filament  lamps,  suitable  for  automobile  lighting  service, 
has  been  developed  and  is  being  regularly  and  successfully 
marketed,  the  manufacturers  reporting  a  considerable  business 
along  this  line. 
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TRADE   NAME  "MAZDA" 


The  name  ''mazda"  has  now  been  adopted  by  all  of  the  larger 
domestic  manufacturers  covering  the  tungsten  lamp  field. 

POPULARIZING   THE    MAZDA   LAMP 

The  central-station  companies  have  continued  a  broad  and 
liberal  policy  with  respect  to  the  introduction  of  the  tungsten- 
filament  lamp,  and  manufacturers  generally  have  co-operated  one 
with  the  other  and  with  the  central-station  companies  in  pub- 
licity campaigns.  They  have  widely  advertised  the  merits  and 
advantages  of  the  high-efficiency  lamps. 

The  electrical  shows  throughout  the  country,  which  are  now 
rather  widely  recognized  as  an  annual  feature,  are  being  liberally 
supported  for  the  exhibition  and  exploitation  of  the  improve- 
ments in  high-efficiency  lamps.  All  of  this  publicity  must  have 
its  effect  upon  the  purchasing  public  and  be  an  influence  toward 
the  more  general  adoption  of  the  mazda  lamp. 

The  Committee  feels  that  it  may  well  repeat  the  recommen- 
dations contained  in  the  previous  report  of  a  liberal  policy 
by  central-station  companies  to  encourage  the  adoption  of  the 
mazda  lamp  by  its  customers. 

It  is  felt  that  the  policy  should  be  continued  by  the  incoming 
Lamp  Committee  of  utilizing  the  Association  Bulletin  for  the 
publication  of  frequent  articles  with  respect  to  lamp  development. 
Through  this  medium  full  and  detailed  information  can  reach 
the  members  promptly.  The  Committee  is  informed  by  the  Sec- 
retary of  the  Association  that  there  has  been  a  general  demand 
among  the  membership  for  Bulletins  containing  articles  pub- 
lished by  the  Lamp  Committee.  The  articles  are  now  reprinted 
herewith  as  an  Appendix. 

It  is  fitting  that  the  Committee  should  here  give  expression  of 
its  appreciation  to  those  who  have  kindly  and  ably  assisted  in  the 
work  throughout  the  year  and  in  the  preparation  of  this  report. 

Respectfully  submitted, 

'Frank  W.  Smith,  Chairman 


Committee 


W.  W.  Freeman 
Walter  H.  Johnson 
George  F.  Morrison 
F.  S.  Terry 
Walter  Cary 
H.  B.  Gear 
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APPENDIX 

THE   PASSING   OF    THE    HIGH-WATTAGE   CARBON    AND    GEM    LAMPS 

The  report  of  the  Lamp  Committee,  submitted  at  the  Thirty- 
fifth  Convention  in  Seattle,  June  10-14,  in  commenting  on  the 
development  of  the  tungsten  lamp  of  higher  units  states  as  fol- 
lows: "Very  recently  a  marked  improvement  in  tungsten  lamps 
of  250,  400  and  500- watt,  of  100  to  130- volt,  has  been  made,  per- 
mitting the  standardization  of  these  lamps  at  an  efficiency  of 
one  watt  per  candle,  while  attaining  a  useful  laboratory  life  of 
approximately  1000  hours  with  good  maintenance  of  candle- 
power,  and  it  would  seem  that  these  higher  candle-power  units 
should  find  a  more  general  field  of  usefulness." 

The  percentage  of  high  candle-power  carbon  and  gem  lamps 
in  use  to-day  is  very  small  as  compared  with  the  total  output 
of  lamps,  and  it  seems  evident  that  this  small  number  will  rapidly 
disappear. 

As  set  forth  in  the  Committee's  report,  the  present  high-eflB- 
ciency  drawn-wire  filament  tungsten  lamp  shows  particularly 
great  superiority  over  the  carbon  and  gem  in  the  higher  candle- 
power  sizes,  and  has  so  far  decreased  the  output  of  the  larger 
sizes  of  the  lower-efficiency  lamps  that  the  lamp  manufacturers 
have  discontinued  the  listing  on  the  price  sheets  of  these  lower- 
efficiency  lamps  in  the  larger  units. 

The  largest  gem  and  carbon  lamps  now  regularly  made 
and  listed  by  the  manufacturers  give  about  40  candle-power, 
consuming  100  watts  in  the  case  of  the  gem,  and  120  watts  in 
the  case  of  the  carbon. 

The  manufacturers  report  that  the  demand  for  the  gem  and 
carbon  lamps  in  these  larger  sizes  is  now  almost  entirely  filled 
by  the  tungsten  filament  lamp,  on  which  the  mechanical  break- 
age of  the  filament  is  reported  as  being  extremely  low.  The 
objection  formerly  raised  to  the  fragility  of  the  metallized-fila- 
ment  lamps  seem  to  have  been  practically  removed  through  the 
improvement  in  the  filament  manufacture  and  form  of  construc- 
tion. The  Committee's  report  deals  briefly  with  these  improve- 
ments. 

It  is  now  well  known  and  generally  conceded,  that  the 
drawn-wire  tungsten-filament  lamps  of  all  sizes  are  capable  of 
withstandinj^  the  requirements  of  ordinary  service  and  burning 
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in  any  position ;  the  strength  of  the  filament  of  the  larger  unit  is 
^greater  than  that  of  the  smaller. 

i^-         In  the  discussion  which  took  place  at  Seattle,  following  the 

:^  presentation  of  the  report  of  the  Lamp  Committee,  Mr.  John  W. 

^  Lieb,  of  New  York,  stated  with  regard  to  these  higher  candle- 

^  power  units  of  the  tungsten-filament  as  follows:    "Of  interest, 

^  of  course,  will  be  the  manifest  improvement  not  only  in  efficiency, 

^    but  also  in  life  and  holding  up  of  candle-power  which  has  been 

--  found  to  be  the  case  in  the  more  recent  product  of  the  larger 

types  of  tungsten  lamps — loo-watt,  250-watt  and  larger  lamps. 

The  effect  which  the  perfection  of  these  larger  sizes  of  lamps  of 

improved  efficiency,  long  life  and  holding  up  of  candle-power 

will  have  in  displacing  the  old  forms  of  carbon  enclosed  lamps  it 

is    hardly    possible    to    prophesy.     .     .     .    The    improvements 

referred  to,  and  other  improvements  which  are  under  way,  should 

open  up  a  very  profitable  field  (incandescent  street  lighting)  for 

central-station  industry." 

Mr.  John  W.  Howell,  of  Newark,  in  discussing  the  Commit- 
tee's report,  said,  with  respect  to  these  larger  units  of  the  tung- 
sten-filament type :  "The  paper  speaks  of  the  very  excellent  results 
which  have  been  achieved  with  250,  400  and  500-watt  tungsten 
lamps.  The  gem  lamp  has  no  substitute  for  these,  but  with  the 
lower  sizes  of  lamps,  the  loo-watt,  for  instance,  and  the  150- 
watt  lamps,  which  are  made  excellently  in  the  tungsten,  in  the 
gem  they  are  not  good,  comparatively  speaking.  I  would  recom- 
mend that  the  larger  sizes  of  gem  be  not  used,  but  that  they  be 
replaced  with  the  lOO-watt  or  150- watt  tungsten  lanip." 

It  would  seem  that  the  replacement  of  high-wattage  carbon 
and  gem  lamps  by  tungsten-filament  lamps  should  be  encouraged 
so  far  as  possible.  The  advantage  to  the  customer  is  apparent. 
The  increase  in  illumination  obtainable  by  the  consumer  sub- 
stituting the  same  wattage  in  tungsten  for  carbon  or  gem  is  of 
considerable  moment,  so  that  the  increase  in  the  cost  of  the.  lamp, 
which  increase  it  is  reasonable  to  assume  will  gradually  diminish, 
is  more  than  offset  by  the  increased  illumination  and  better  quality 
of  light.  As  a  matter  of  fact,  the  tungsten-filament  lamp  will  give 
about  double  the  illumination  at  a  relatively  small  increase  in 
total  cost  (about  13  per  cent). 

With  the  adoption  of  the  present  type  of  drawn-wire  tung- 
sten-filament lamps,   satisfactory   performance   is   well   assured. 
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Many  of  the  central-station  Ct»inpanies  are  advocating  to  thek 
customers  the  replacement  of  gem  and  carbon  lamps  of  laiftr 
units  by  these  high-efficiency  tungsten-filament  lamps,  and  k 
would  seem  that  the  member  companies  can  best  serve  their  cos- 
tomers  by  bringing  to  their  attention  these  advantages,  or,  as 
the  Committee  recommended  in  its  report : 

*'Your  Committee  feels  that  it  should  at  this  time  again 
urge  the  member  companies  to  follow  a  broad  and  liberal  poBcy 
with  their  customers  in  order  to  encoij^age  the  adoption  and 
use  of  the  mazda  lamp.  Those  companies  which  from  the 
first  introduction  of  the  high-efficiency  lamps  ofiTered  them  to 
their  customers  on  favorable  terms,  with  an  aggressive  campaign 
for  new  business,  reaped  their  reward  early,  as  any  temporary 
loss  that  may  have  been  felt  in  revenue  was  soon  more  than  offset 
by  the  addition  of  new  business,  longer  hours  of  burning  and 
better  satisfied  customers." 

THE   INCREASING   IMPORTANCE  OF  SIGN    LIGHTING 

In  the  report  submitted  by  the  Lamp  Committee  at  the  Se- 
attle Convention,  under  the  heading  "Electric  Sign  Lighting"  (sec 
Volume  III,  pages  314-29,  3Sth  Convention  Proceedings)  infor- 
mation was  furnished  in  more  or  less  detail  as  to  the  increasing 
importance  of  sign  lighting,  made  possible  by  the  development 
on  the  part  of  the  manufacturers  of  the  mazda-tungsten  sign 
lamp.  In  Volume  II,  pages  191-93,  of  the  3Sth  Convention  Pro- 
ceedings, the  report  of  the  Committee  on  Electrical  Advertising 
and  Decorative  Street  Lighting  stated  that  there  were  at  that 
time  installed  in  the  United  States  and  Canada  approximately 
80,000  electric  signs,  containing  8,000,000  lamps.  Since  that  time 
the  increase  in  sign  lighting  has  been  very  marked,  and  this 
branch  of  the  electric  lighting  industry  has,  therefore,  grown  to 
such  proportions  that  it  demands  earnest  and  careful  considera- 
tion by  every  member  company.  The  electric  sign  business  is 
not  only  profitable,  but  most  desirable  on  account  of  the  publicity 
given  to  the  use  of  electric  lighting,  and  many  central-station 
companies,  recognizing  the  importance  of  this  business,  are  seek- 
ing to  increase  and  improve  this  desirable  load. 

The  development  of  the  electric  sign  is  naturally  very  closely 
allied  with  the  development  of  the  incandescent  lamp,  in  fact, 
the  success  of  an  electric  sign  depends  to  a  marked  degree  upon 
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the  selection  and  use  of  proper  lamps.  Any  improvements,  there- 
fore, which  are  made  on  sign  lamps  may  rightly  be  considered  as 
improvements  on  the  sign,  and  as  such  go  to  help  the  industry. 

The  Lamp  Committee  desires  at  this  time  to  again  bring 
before  the  member  companies  the  recent  improvement  and  devel- 
opment made  by  the  manufacturers  in  sign  lamps,  which  improve- 
ments will  undoubtedly  be  of  material  assistance  to  those  com- 
panies desirous  of  increasing  their  electric  sign  business. 

Prior  to  the  year  1910,  the  10  and  20-watt  carbon  lamps  were 
the  only  sign  lamps  available.  They  were  then,  as  now,  rated 
at  an  efficiency  of  practically  5  watts  per  candle.  As  it  was 
found  extremely  difficult  to  get  new  business  with  these  lamps, 
there  was  a  crying  need  for  more  efficient  sign  lamps.  At  about 
this  time  the  2j4  and  5-watt  10  to  13-volt  lamps  were  developed 
and  immediately  became  popular.  Since  this  type  of  lamp  con- 
tained a  squirted  tungsten  filament,  it  was  necessary  to  make  it  a 
low-voltage  lamp  in  order  that  it  might  be  rugged  enough  to 
withstand  successfully  the  severe  conditions  of  sign  service.  As 
the  10  to  13-volt  range,  in  addition  to  insuring  a  more  rugged 
lamp,  was  also  convenient  transformation  ratio,  it  was  used. 

The  discovery  of  the  process  of  drawing  mazda-tungsten 
wire  has  undoubtedly  been  responsible  for  many  improvements 
in  this  type  of  lamp.  Among  other  things,  it  is  now  possible 
to  draw  the  wire  very  fine,  and,  at  the  same  time,  down  to  exact 
diameters.  This  has  made  possible  a  closer  selection  of  all  lamps, 
which  is  of  particular  importance  with  the  10  to  13-volt  sign 
lamps  when  operated  in  series.  The  fact  that  the  use  of  the 
drawn  wire  has  made  a  more  rugged  lamp,  has  worked  to  the 
advantage  of  the  sign  business.  The  manufacturers  state  that 
any  and  all  sign  lamps  of  recent  manufacture  can  be  used  indis- 
criminately in  either  multiple  or  series  work.  The  most  recent 
development  has  resulted  from  the  drawn  wire  in  the  lo-watt  100 
to  130-volt,  and  5-watt  50  to  65- volt  sign  lamps.  These  lamps 
are  a  welcome  addition  to  the  mazda-tungsten  lamp  schedule, 
and  will  undoubtedly  be  of  material  assistance  to  central-station 
companies,  especially  those  supplying  direct  current. 

Since  the  series  system  of  wiring  on  10  to  13  volts  has  certain 
disadvantages,  and  has  not  been  entirely  successful,  particularly 
with  the  earlier  types  of  lamps,  due  largely  to  inherent  defects 
in  the  system  of  wiring,  these  lamps  made  in  higher  voltage  ranges 
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are  a  decided  improvement.  The  lo-watt  lamps  may  be  wired 
in  multiple  in  standard  voltage,  and  will  unquestionably  lead 
to  much  new  business.  The  5-watt  50  to  65-volt  lamp  may  be 
used  by  wiring  two  lamps  in  series.  The  results  from  the  use 
of  this  lamp  should  be  nearly  as  good  as  from  the  lo-watt  lamp 
wired  in  multiple.  For  alternating-current  circuits  the  2>^-watt 
and  5-watt  lamps  are  desirable  where  lower  wattage  is  required. 

Although  there  are  a  number  of  10,  20,  and  even  30-watt 
carbon  sign  lamps  in  use  to-day,  the  nature  of  the  sign  business 
demands  lower  wattage  lamps.  The  installation  of  a  sign 
equipped  with  the  modern  low-voltage  lamps  will  soon  displace 
the  old  type  of  sign. 

The  cost  of  operating  a  low-voltage  mazda-tungsten  lamp 
is  so  small  that  every  merchant  can  afford  to  install  a  repre- 
sentative electrical  sign.  The  income  on  a  lamp  hour  basis  for 
mazda-tungsten  lamps  may  not  be  as  high  as  that  from  the  carbon, 
yet  the  total  revenue  from  this  class  of  business  will  be  greater, 
due  to  the  fact  that  the  more  modern  lamps  make  it  possible 
to  obtain  many  new  customers  who  could  not  be  induced  to  use 
carbon  lamps.  That  this  has  worked  out  in  practise  is  evident 
from  the  marked  increase  in  the  sign  business  throughout  the 
country.  Particularly  is  this  true  in  cities  where  central-station 
companies  have  conducted  an  aggressive  campaign  in  co-opera- 
tion with  the  electrical  sign  and  lamp  companies.  When  a  cus- 
tomer changes  from  carbon  to  mazda-tungsten,  the  decrease  in 
operating  cost  will  induce  the  merchant  to  burn  the  sign  longer, 
thereby  securing  greater  publicity  and  advertising  from  his  orig- 
inal investment  without  much,  if  any,  additional  cost  for  the 
current. 

Briefly,  therefore,  the  mazda-tungsten  lamp  should  make  for 
an  increase  in  the  number  of  customers   and  in  the  load-factor 
of  the  old  customers.     The  experience  of  the  central-station  com-  ' 
panics  which  has  given   the  mazda-tungsten  lamp  a   trial  has 
proved  that,  in  addition  to  these  gains,  it  has  led  to  an  increase 
in  the  net  revenue.     This  is  true  not  only  of  the  sign  business 
but  of  the  introduction  of  the  mazda-tungsten  lamp  in  general. 

Some  central-station  companies  include  in  the  active  sign 
campaign  a  maintenance  service.  In  certain  localities  merchants 
are  apt  to  neglect  or  are  unwilling  to  properly  maintain  their 
signs,  the  result  being  an  untidy  sign  and  a  dissatisfied  customer. 
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The  local  conditions,  however,  should  control  the  policy  of  the 
central-station  company  in  this  regard.  Where  sign  manufac- 
turers are  fully  equipped  to  undertake  and  maintain  signs,  this 
branch  of  the  work  should  be  left  to  them.  If  this  is  not  prac- 
ticable the  central-station  company  might  find  it  advantageous  to 
take  this  important  work  upon  itself,  and  establish  a  sign  main- 
tenance bureau,  through  which  this  business  could  be  properly 
cared  for. 

The  Lamp  Committee  will  be  glad  to  furnish  member  com- 
panies with  information  as  to  methods  used  and  results  obtained 
by  some  of  the  central-station  companies  which  are  seeking  to 
build  up  this  very  desirable  electric  sign  business  with  the  newer 
and  improved  low-voltage  mazda-tungsten  sign  lamps. 

THE  MAZDA  LAMP  IN  RESIDENCE  LIGHTING 

The  Lamp  Committee  has  forwarded  the  subjoined  matter 
to  the  Bulletin  for  publication. 

**In  all  branches  of  central-station  practise  so  many  develop- 
ments have  taken  place  within  the  last  few  years  that  some  have 
received  much  less  attention  than  their  real  importance  would 
warrant.  Thus  it  is  that,  although  the  average  station  has  prob- 
ably given  a  good  deal  of  thought  to  the  improvement  of  its 
residential  lighting  service  by  the  use  of  high-efficiency  lamps, 
very  little  systematic  effort  has  actually  been  put  forth  to  bring 
about  such  a  change. 

"The  mazda  lamp  is  not  an  experiment  in  any  sense  of  the 
word.  The  standard  line  includes  a  variety  of  sizes,  in  both 
straight  side  and  round  bulbs;  and  even  candelabra  decorative 
lamps  are  now  available  in  the  standard  voltage  range.  The 
lamps  will  burn  in  any  position  and  they  are  put  in  cartons, 
which  makes  it  easy  for  the  customer  to  carry  them  home,  and 
convenient  for  him  to  keep  a.  few  extra  lamps  on  hand.  The 
efficiency  of  the  mazda  lamp  in  producing  light  is  unquestioned ; 
its  mechanical  strength  is  such  that  it  is  being  used  successfully 
under  severe  conditions  of  street  railway  service.  Large  indus- 
trial concerns  have  adopted  it  after  exhaustive  investigation.  In 
business  districts,  where  the  value  of  the  increased  illumina- 
tion so  easily  obtained  with  the  mazda  lamp  was  quickly  recog- 
nized, it  has  gone  into  almost  universal  use. 

'The  residential  customers  whose  installations  are  small  and 
whose  technical  knowledge  is  limited  are  not  in  a  position  to 
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analyze  their  lighting  requirements  as  closely  as  have  the  larger 
customers.      They     are,    therefore,     still    using    lamps    that 
would  not  even  be  considered  in  other  classes  of  service,  and,  in 
consequence,  they  are  enjoying  less  than  half  of  the  illuminatioD 
they  could  easily  secure  for  the  same  expense.    That  this  so 
obvious  advantage  could  be  overlooked  is  almost  incredible.  Tbe 
trouble  in  the  case  of  the  small  customer  seems  to  lie  in  tbe 
fact  that  the  initial  outlay  required  in  changing  over  to  high- 
efficiency    lamps    assumes    abnormal   magnitude    in    his   mind. 
Of  course,  such  outlay  is  more  than  returned  and  offset  by  the 
vastly  improved  illumination ;  and  the  best  service  that  a  central 
station  can  render  to  its  residential  customers  is  to  impress  upon 
them  in  every  possible  way  the  fact  that  it  is  only  by  the  use  of 
the  mazda  lamp  that  they  can  obtain  all  that  is  possible  for  tbe 
money  they  spend  for  electric  lighting. 

"It  is,  however,  hardly  sufficient  merely  to  advise  the  resi- 
dential customer  to  use  mazda  lamps,  without  showing  him  how 
the  best  results  may  be  secured.    The  proper  shading  of  lamps 
is  a  matter  of  great  importance  in  residential  service,  and  tbe 
central-station  illuminating  engineering  department  could  well 
supplement  the  efforts  of  the  commercial  department  in  develop- 
ing and  improving  residential  lighting.    If  the  onnpany  has  no 
such  department  good  advice  is  easily  obtainable.    This  woiic 
might  be  done,  for  example,  by  judiciously  using  mazda  lamps 
for  indirect  or  semi-indirect  systems,  enclosing  the  globes  in 
proper  shades  to  produce  the  mellow,  soft  effects  desired  by  many 
in  the  home;  or,  where  lamps  are  exposed  to  view  and  where 
some  other  means  of  shading  cannot  well  be  provided,  by  seeing 
that  the  lamps  are  frosted  rather  than  clear.    There  is  a  good 
deal  of  room  for  improvement  in  present  residential  lightingi 
and  no  central  station  can  afford  to  allow  its  residential  customers 
to  worry  along  with  lighting  service  that  is  barely  acceptable 
when  so  much  can  be  done  with  the  mazda  lamp  to  raise  the 
home  standard  of  illumination  and  give  a  satisfactory  installa- 
tion." 

INCANDESCENT   LAMP  DEVELOPMENTS  SINCE  THE  LAST    LAMP 

COMMITTEE  REPORT 

Since  the  report  of  the  Lamp  Committee  was  made  at  Seattle 

in  1912  (see  Vol.  Ill,  p.  318,  35th  Convention  Proceedings)    a 
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number  of  mazda-tungsten  lamp  developments  of  importance 
have  taken  place.  These  were  along  the  lines  of  improvements 
in  the  quality  of  some  types  of  multiple  lamps,  in  the  method 
of  rating  series-burning  lamps  and  the  development  of  new 
low-wattage  types. 

There  have  been  marked  improvements  in  the  quality  of 
some  of  the  higher  wattage,  ioo-136-volt  range,  and  in  com- 
pensator and  train-lighting  lamps.  In  the  60,  100  and  150-watt, 
100-130-volt  range  lamps,  improvements  in  quality  have  taken 
place  similar  to  those  reported  in  the  case  of  the  250,  400  and 
500-watt  lamps  in  the  Seattle  report.  This  improvement  in 
quality  has  made  possible  substantial  improvements  in  efficiency. 
The  increase  in  quality  of  the  train-lighting  and  compensator 
lamps  is  even  more  marked  than  that  of  the  high-wattage  types. 

To  meet  the  demand  for  a  60-watt  small-base  lamp  for  use  in 
residence  lighting  and  in  similar  classes  of  illumination  and  to 
provide  a  40-watt  lamp  that  will  in  all  cases  be  interchangeable 
with  the  25-watt  lamps  these  two  types  have  been  standardized 
in  S-19  and  S-21  bulbs,  respectively.  That  is,  the  60-watt  lamp 
is  now  made  in  the  small  bulb  that  was  standard  for  the  40-watt 
lamps,  and  the  40-watt  in  the  bulb  that  was  standard  for  25-watt 
lamps.  This  change  has  been  made  without  impairing  the  life 
or  efficiency  of  the  lamps,  and  is  along  the  line  of  standardiza- 
tion. The  new  60-watt  small-base  lamp  being,  as  stated,  in  the 
size  formerly  used  for  the  40-watt,  cannot  be  used  properly  with 
the  present  60-watt  reflector  equipment.  As  a  large  percentage 
of  the  60-watt  lamps  have  been  installed  in  combination  with 
reflectors,  and  as  the  position  of  the  light  source  in  the  reflector 
is  important,  the  lamp  manufacturers  have  designed  a  socket  which 
is  self-locking  and  may  be  used  to  adapt  the  unskirted  S-21  bulb 
60-watt  lamp  to  reflectors  designed  for  the  S-2454  bulb  60-watt 
lamp,  the  combination  producing  the  correct  light  distribution. 

The  present  60-watt  reflector  equipment  may,  however,  be 
used  with  the  new  and  smaller  lamps  by  a  change  in  the  form 
of  shade  holder  used.  The  form  "O"  shade  holder  may  be  sub- 
stituted for  the  form  "H"  shade  holder.  By  this  method  and  the 
adoption  of  the  socket  extension  the  difficulties  encountered,  due 
to  the  fact  that  the  new  60-watt  lamp  cannot  be  used  properly  in 
the  standard  60-watt  reflector  equipment,  will  be  taken -care  of. 
It  is  thought  that  eventually  this  matter  will  adjust  itself.    The 
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change  is  all  in  the  nature  of  standardization  on  the  part  of  the 
lamp  manufacturers  and  should  eventually  result  in  price  rediK- 
tions. 

In  the  old  pressed  filament  process  and  in  the  early  stage 
of  the  wire  drawing  process,  it  was  commercially   impossibk, 
on  account  of  the  high  price  that  would  result   from  a  suflBdendj 
close  selection,  to  make  filaments  of  the  exact  amperes  desired 
It  was  necessary,  therefore,  in  lamps  intended  for  series  burning 
service,  to  make  them  as  nearly  as  possible  the  correct  amperes, 
photometer  them  to  determine  the  current  necessary  to  pro- 
duce the  correct  efficiency  and  then  to  sort  them  in  narrow  ampere 
ranges.    Only  lamps  of  the  same  ampere  range  were  suitable  to 
bum  in  series  together.    Extreme  care  was  required  that  cadi 
customer  should  always  receive  lamps  selected  for  his  range  of 
amperes.    In  cases  of  errors  in  photometry,  sorting  or  accidental 
mixing,  customers  received  lamps  of  widely  different  amperes 
and  these,  burning  in  the  same  series,  naturally  produced  un- 
uniform  candle-power  and  variable  lives. 

Improvements  in  the  wire  drawing  process  have  made  it  pos- 
sible to  select  wire  that  will  produce  lamps  of  approximately 
exact  amperage.  Hence  it  is  possible  now  to  have,  instead  of  a 
range  of  amperes  for  each  size  of  lamps,  a  single  current  rating 
for  each  size.  For  instance,  in  the  case  of  the  6.6  ampere,  40 
c-p.  street  series  lamp,  where  it  was  formerly  necessary  to  have 
ampere  ranges  corresponding  to  6.3,  6.4,  6.5,  6.6,  6.7,  6.8  and  6.9 
amperes  and  always  to  supply  each  customer  with  lamps  from 
a  single  one  of  these  ranges,  it  is  now  possible  to  make  all  lamps 
of  this  size  almost  exactly  6.6  amperes.  This  improvement 
is  adopted  for  all  lamps  intended  for  street  series  service  and 
series-burning  sign  service,  and  has  been  productive  of  greatly 
improved  results  in  both  cases.  It  has  also  made  possible  the 
adoption  of  only  five  standard  amperages  for  street  series  cir- 
cuits, namely,  3.5,  4.5,  5.5,  6.6  and  7.5  amperes.  It  will  be 
apparent  to  all  central-station  companies  that  it  is  now  highly 
desirable  that  all  street  series  lighting  circuits  be  adjusted  to  one 
of  these  standard  current  values. 

In  addition  to  the  above-noted  improvements  in  the  mazda- 
tungsten  lamps,  and  as  pointed  out  by  the  Lamp  Committee  in 
an  article  in  the  Februarv  Bulletin,  under  the  title  "The 
Increasing  Importance  of  Sign  Lighting,"  a  lo-watt,  ioo-130-volt 
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*^  and  a  S-watt,  so-6s-volt  sign  lamp  in  the  S-14  bulb  (ij^*  *"•  in 
*  diam.)  have  been  developed.  A  lo-watt,  100-130-volt  lamp  is 
also  made  in  the  S-17  bulb  (2^  in.  diam.)  for  use  in  residence 
lighting.  These  are  very  important  additions  to  the  line  of  sign 
lamps  in  that  they  furnish  a  low-wattage  lamp  that  does  not 
require  the  operation  of  more  than  two  lamps  in  series  even  upon 
200-260-volt  circuits.  The  manufacturers  report  that  these  lamps 
are  giving  very  satisfactory  life  performance  in  actual  service. 

The  Lamp  Committee  will  be  glad  to  furnish  any  member 
companies  such  further  detailed  information  with  regard  to  these 
developments  as  may  be  desired. 

The  Chairman:  Before  this  report  is  offered  for  discus- 
sion, and  I  hope  there  will  be  profitable  discussion,  we  will  have 
a  paper  by  Mr.  J.  E.  Randall  and  Mr.  E.  J.  Edwards  on  Recent 
Progress  in  the  Art  of  Lamp  Making.  I  regret  to  say  that, 
through  some  unforeseen  accident,  the  printed  copies  of  the 
report  have  been  lost,  so  that  they  are  not  here  for  distribution, 
and  further,  that  Mr.  Randall  had  desired  to  show  some  lantern 
slides,  but,  as  we  were  not  aware  of  that  until  he  arrived  here, 
we  have  been  unable  to  make  provision  for  it. 

Mr.  J.  E.  Randall,  Cleveland:  I  wish  to  mention  that  Mr. 
Edward  is  joint  author  of  the  paper  I  shall  read,  and  has  done 
much  of  the  work  in  connection  with  the  preparation.  I  regret 
that  we  have  not  the  facilities  which  we  had  hoped  would  be 
available  here  for  throwing  certain  figures  on  a  screen.  Some 
of  the  effects  which  we  would  like  to  bring  before  you  this 
afternoon  will  perhaps  be  lost. 


RECENT  PROGRESS  IN  THE  ART  OF 
LAMP  MAKING 

There  have  been  no  very  spectacular  changes  in  the  manufac- 
ture of  regular  incandescent  lamps  during  the  past  year,  but. 
nevertheless,  some  very  important  developments  have  taken  place. 
Since  the  very  beginning  of  the  incandescent  lamp  industry,  prog- 
ress has  been  made  which  has  been  manifested  mainly  by  ii 


Fig.  I 

creased  efficiency  of  operation.  The  power  required  per  unit  of 
intensity  has  decreased  from  7  watt  per  candle  power  to  i  watt 
per  candle  and  the  past  year  can  claim  the  last  increment  of 
0.15  of  a  watt  in  this  progress.  The  curves  of  Fig.  r  show  graph- 
ically the  rates  at  which  this  progress  has  been  made  in  terms 
of  the  more  familiar  unit,  watts  per  candle,  and  also,  in  terms  of 
the  exact  unit,  lumens  per  watt. 

It  is  of  interest  to  note  the  means  employed  in  accomplish- 
ing this  latest  improvement  in  efficiency.  Every  purchaser  of 
lamps  knows  well  that  the  useful  life  of  incandescent  lamps  has 
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be  introduced  into  the  lamp^bulb  for  the  purpose  of  minimizing 
bulb  blackening.  The  different  chemicals  are  not  equally  effective 
in  all  lamps,  for  the  material  used  in  supports,  and  the  lamp 
voltage  and  wattage  are  factors  which  may  make  one  chemical 
more  suitable  than  another  for  a  given  lamp.  Fig.  2  is  a  photo- 
graph of  two  60-watt  lamps  with  and  without  chemical,  which 
were  run  to  bum-out.  The  difference  is  apparent  and  is  seen 
also  in  the  picture  of  the  250-watt  lamps  shown  in  Fig.  3.     The 


Fig.  4 

result  is  approximately  a  15  per  cent  increase  in  efficiency  of 
operation  for  a  given  number  of  hours  of  useful  life.  The  curves 
of  Fig,  4  show  the  difference  in  the  candle-power  performance 
of  a  lamp  with,  chemical  and  of  a  lamp  without  chemical,  when 
operated  at  the  voltages  which  give  the  same  initial  efficiency  for 
each  lamp.  Thus  it  is  seen  that  by  starting  the  lamp  with  chem- 
ical at  a  higher  efficiency  a  greater  usefulness  may  be  obtained 
toward  the  end  of  the  filament  life  than  would  be  possible  without 
chemical.  The  result  of  such  a  readjustment  in  efficiency  is 
shown  by  the  curves  of  Fig.  5. 


inated.  Great  care  and  accuracy  are  essential,  otherwise  (he 
lamp  may  be  no  better  and  may  be  even  poorer.  Nevertheless 
the  experience  of  the  manufacturer  shows  that  if  the  proper  chem- 
ical is  used  and  proper  methods  are  followed,  the  results  are  cer- 
tain and  commercially  reliable.  Although  countless  man-hours  of 
the  best  scientific  talent  in  the  world  have  been  devoted  to  this 
problem,  it  can  justly  be  expected  that  the  solution  is  not  yet 
complete  and  further  improvements  along  thjs  line  may  be  ex- 
pected. 


^  Another  marked  advance  which,  however,  does  not  show 

-e  fts  an  increased  efficiency,  is  the  increase  in  the  strength  of  the 
a^  tungsten  wire  used  as  filament  material.  It  is  well  known  that 
}  the  early  tungsten  filament  lamps  were  fragile.  The  progress  in 
:i  Strengthening  the  tungsten  filament  lamps  has  much  the  same 
;<  characteristic  as  that  shown  in  the  curves  of  Fig.  i,  for  prepress 
?;  in  efSciency.  The  increase  in  strength  is  shown  in  Fig.  7.  The 
sudden  gain  in  strength  .which  was  made  in  191 1  was,  of  course, 
due  to  the  introduction  of  the  process  of  making  the  filaments 


by  drawing  into  wire  which  replaced  the  squirting  and  cintering 
process  formerly  used.  The  strength  and  uniformity  of  the 
wire  have  steadily  improved  as  the  processes  for  refining  and 
drawing  have  been  perfected,  making  possible  more  rugged  and 
at  the  same  time  more  uniform  lamps. 

As  the  improvements  in  refining  and  wire  drawing  have 
been  made,  the  manufacturer  has  become  more  independent  in 
obtaining  his  supply  of  raw  material.     He  can  use  raw  material 
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Tile  mure  i'iiiii]iU'lc  Hlanilanlization  of  the  physical  dimen- 
lioiiN  ii(  ihr  liitiKStcii  filament  lamps  in  the  regular  line  furnishes 
fiii'lhrr  rvidriHc  that  the  niamifacturer  is  producing  more  uni- 
tiifiii  liiin|M.  Imj;,  S  is  »  factory  si>ecification  sheet  for  one  size 
I't  lfim|i,  which  iiulicntos  something;  of  the  efforts  that  have  been 
iiimic  ill  tlir  ^(aiulnnliiatton  of  dimensions. 

Thf  |>o5ition  of  the  center  of  Upht,  with  respect  to  the  base 
loiitiiit  of  the  lamps,  is  at  present  being  maintained  within  nar- 
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rower  limits  than  ever  before.  The  average  deviation  of  & 
light  center  length  from  the  standard  has  been  reduced  to  oct 
quarter  of  what  it  was  a  year  ago.  Uniformity  of  light  cento 
position  is  desirable  and  necessary  because  of  the  wide  use  of 
reflectors  designed  for  given  filament  positions.  The  curves  ol 
Fig.  9  show  the  variation  of  downward  intensity  with  altcnd 
light  center  length  and  make  clear  the  advantage  of  maintainiiig 
the  proper  position  of  the  light  source  in  the  reflector. 


The  mariufacUircr  has  been  devoting  considerable  attention 
to  the  reduction  of  the  bulb  sizes  for  the  low-wattage  lamps,  includ- 
ing the  loo-watt  and  lower.  Fig.  lo  shows  a  photograph  of  the 
old  6o-watt  lamp  beside  the  new  small-bulb  6o-watt  lamp.  This 
is  the  lamp  which  replaces  the  old  carbon  as  regards  wattage 
and  bulb  size,  and  gives  "three  times  the  light."  It  is  particu- 
larly suited  to  the  central-station  man's  requirements,  because 
his  load  is  not  decreased,  his  storage  space  for  lamps  need  not 
be  increased,  and  no  change  in  lighting  fixture  is  called  for. 
The  smaller  sizes  of  lamps  are  used  mainly  in  office,  factory  and 
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Perhaps  the  greatest  development  which  has  taken  pbs! 
recently  is  that  of  the  so-called  concentrated  filament  or  whatrnq 
properly  be  called  focus  type  lamp.  It  has  long  been  reco^ 
nized  that  an  incandescent  lamp  with  the  filament  concentntad 
within  a  very  small  volume  would  fulfil  a  variety  of  needs. 
Wherever  it  is  desirable  to  project  a  concentrated  beam  of  light 
by  either  of  the  well-known  methods,  that  is,  with  a  parabolic 
reflector  behind  the  lamp,  or,  with  a  system  of  lenses  before  tte 
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Fig.  II 


lamp,  it  is  absolutely  essential  to  have  the  light  source  confined 
within  a  small  space.  Fig.  ii  clearly  shows  the  necessity  of 
a  small  source  with  these  devices.  Light  coming  from  a  point 
slightly  removed  from  the  focus  is  seen  to  diverge  instead  of 
keeping  to  the  one  direction  in  which  it  is  desired  to  project  the 
beam.  The  first  accomplishment  along  this  line  was  the  auto- 
mobile headlight  in  which  the  filament  was  twisted  into  a  small 
double  helix.  This  lamp  proved  a  phenomenal  success  from  the 
start,  but,  at  the  time  of  its  development,  it  was  not  even  dreamed 
that  anything  but  a  lamp  of  very  low  voltage  could  be  made  \t\ 
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tbis  manner.  With  these  automobile  headlight  lamps,  it  was 
necessary  to  take  care  of  only  a  very  short  length  of  filament 
and  but  three  or  four  turns  in  the  helix  were  needed.  The 
helices  were  of  relatively  large  diameter  as  compared  with  the 
diameter  of  the  filament. 

The  development  of  the  automobile  headlight  lamp  led  to 
experiments  with  helices  of  different  diameters,  and  it  was  soon 
found  that  they  could  be  made  as  small  as  desired.  A  small 
diameter  of  the  helix  resulted  in  the  reduction  of  the  volts  drop 
per  turn,  and  therefore,  decreased  the  danger  of  short-circuit 
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currents  between  the  coils,  so  that  for  a  very  small  helix  little  or 
no  apparent  separation  between  turns  was  necessary  in  order  to 
compel  the  current  to  pass  around  in  the  wire  rather  than  to 
jump  across  between  turns.  Fig.  12  shows  the  relative  sizes  of 
the  helices  for  the  auto  headlight  and  for  the  100- watt,  115-volt 
focus  type  lamp.  It  was  also  found  that  the  wire  seemed  to 
be  increased  in  strength  by  being  stressed  beyond  its  elastic 
limit  in  the  proces3  of  winding  into  the  small  helix,    Thes^  fea- 
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that  the  coiled  part  begins  to  glow  first.  The  brightness  of  I 
glow  is  a  measure  of  the  relative  temperature,  so  that  in  at 
to  produce  a  lamp  which  will  operate  at  a  given  current  a 
temperature,  it  is  necessary  to  use  larger  wire  in  the  focus  tj] 
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The  rating  of  these  lamps  cannot  be  done  in  the  ma 
employed  for  regular  lamps,  in  which  the  horizontal  ca; 
power  bears  a  nearly  constant  ratio  to  the  total  light  emi 
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ind  therefore  can  be  taken  as  a  measure  of  the  total  light.  With 
the  focus  type  no  such  degree  of  uniformity  of  this  ratio  pre- 
vails, Ro  accurate  ratin,^  becomes  the  prolonged  process  of  obtain* 
mg  the  voltage  which  will  result  in  a  certain  desired  watts  per 
unit  of  total  light  emitted ;  and  a  subsequent  measurement  of  the 
watts  per  mean   horizontal   candle-power   will   be   no   accurate 
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measure  of  the  actual  efficiency  of  operation.  Fig.  15  shows 
light  distribution  curves  fi>r  regular  loo-watt  round  bulb  lamps 
and  for  two  focus  type  lamps  giving  the  same  total  lumens  as 
the  regular  one.  The  chief  difference  in  the  curves  for  the 
focus  type  is  found  in  ihc  variation  of  the  horizontal  candle- 
power.  The  most  careful  inspection  would  not  enable  one  to 
predict  that  these  differences  would  occur. 
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It  will  be  noted  that  the  bulb  sizes  on  the  focus  typeiA0c 
smaller  than  for  the  regular  line.    Chemical  is  used  in  AoB  {>i 
lamps  and,  in  a  measure,  counteracts  the  effect   of  the  soVr^ 
bulb.     Although  the  considerable  reduction  in  bulb  size  means fl 
sacrifice  in  performance,  yet  such  a  reduction  in  bulb  size  isesytl  r] 
cially  desirable  in  the  case  of  the  focus  type  lamp.     The  efiidenqB  j 
of  the  utilization  of  light  from  focus  type  lamps  depends  upoil  2 
the  nearness  of  the  source  to  the  parabolic  reflector  or  lens,aiB  ^ 
the  case  may  be,  and,  since  it  is  desirable  to  place  the  filamotl 
in  the  center  of  the  bulb,  the  focus  type  limits  the  focal  length  oiB 
such  devices  to  one-half  the  bulb  diameter.     According  to  the  ■ 
practise  employed  in  the  building  of  regular  mazda  lamps,  5a'  I 
watts  calls  for  a  bulb  of  8  in.  in  diameter.     The  500-watt  focus  I 
type  lamp  is  built  with  a  6-in.  bulb  for  the  reasons  given  above,  I 
Fig.  16  shows  500-watt  lamps  of  both  the  regular  and  the  focu>  I 
type.  I 

Since  a  very  high  efficiency  of  operation  is  called  for,  these  1 
lamps  cannot  be  made  for  as  great  a  life  as  the  regular  line.  I 
For  the  purposes  for  which  they  are  used,  high  efficiency  is  far  I 
more  essential  than  long  Hfe. 

Earlier  in  this  paper  it  was  mentioned  that  focus  type  lamps 
would  fill  a  great  variety  of  needs.  It  will  be  of  interest  to  note 
some  uses  which  constitute  the  field  of  this  new  type  of  lamp. 
The  loo-watt  focus  type  lamp  will  operate  small  stereopticons 
very  successfully,  being  especially  suitable  for  small  lecture  rooms 
and  for  residences.  It  can  also  be  used  with  certain  devices  for 
projecting  advertising  matter  on  sidewalks  and  walls.  Focus 
type  lamps  are  found  very  useful  by  physicians  and  dentists  for 
projecting  an  intense  spot  of  light  to  a  point  where  they  are 
working.  When  used  with  parabolic  reflectors,  they  find  a  con- 
siderable field  in  producing  special  effects  in  the  lighting  of  archi- 
tectural designs  from  distant  and  concealed  places.  According 
to  present  plans,  this  will  be  especially  exemplified  by  much  of  the 
lighting  done  at  the  Panama- Pacific  Exposition. 

The  focus  type  lamp  has  made  possible  the  powerful  head- 
lights used  on  electric  vehicles  and  electric  railway  cars.     They 
can  be  used  with  success  in  searchlights,  although  they  are  not 
tly  powerful  to  take  the  place  of  the  high-powered  arcs, 
^cted  that  the  focus  type  will  find  a  wide  field  of  useful- 
^hting  the  stages  of  theaters.     In  fact,  wherever  it  is 
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serves  to  carry  the  current  to  the  far  end  of  the  filament  as 
as  to  hold  the  intermediate  supporting  hooks. 

It  may  justly  be  expected  that  the  focus  type  lamp  win  M 
even  other  fields  of  Usefulness  than  those  outlined  above. 

The  foregoing  may  be  considered  as  a  report  from  a  Issf 
manufacturer  to  the  users  of  incandescent  lamps  CD  the  recoB 
developments  of  the  product.  However,  these  developments  ait 
not  due  to  the  efforts  of  a  single  laboratory,  but  to  the  comlniid 
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Fig.  i8 

efforts  of  the  various  research  laboratories,  and  that  "team  work" 
which  is  so  essential  to  the  most  rapid  progress  in  the  develop- 
ment of  any  art.  It  is  seen  that  marked  improvements  have 
been  made  in  the  regular  line  and  that  important  new  develop- 
ments have  taken  place  within  the  past  year. 

The  Chaihman:  I  will  now  ask  Mr.  Howell  to  come  up 
on  the  platform  and  start  the  discussion  on  these  papers. 

DISCUSSION 

Mr.  John  W.  Howell,  Harrison,  N.  J.:  Gentlemen,  your 
[.amp  Committee  performs  two  functions.  It  reports  to  you 
through  the  Comniittee  the  progress  made  in  the  development  of 
the  electric  lamp,  which  is  very  useful  to  you.  It  also  acts  as  a 
spur  to  the  manufacturers  to  give  the  committee  something  to 
report,  which  is  also  beneficial  to  you. 

A  year  ago  at  this  meeting  your  Lamp  Committee  reported 
on  the  improved  quality  of  high  candle-power  lamps.  To-day 
they  have  added  to  the  list  of  lamps  improved  the  6o-watt  and 
the  loo-watt  lamp.  The  6o-watt  lamp  and  the  loo-watt  lamp 
are  to-day  twice  as  good  as  iliey  were  a  year  ago.     Your  Com- 
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mittee  does  not  tell  you  they  are,  but  they  are  twice  as  good  as 
they  were  a  year  ago.  That  means,  that  their  life,  with  the  same 
efficiency,  is  twice  as  long  to-day  as  it  was  a  year  ago.  The 
chemical  introduced  into  these  lamps,  which  is  referred  to  by 
Mr.  Randall,  we  call  "a  vacuum  getter."  That  is  a  rather  homely 
name,  but  it  sounds  better  than  "the  chemical."  The  vacuum 
getters  are  being  applied  to  all  our  lamps  as  fast  as  we  can  learn 
how  to  do  it.  The  application  came  first  to  the  lamps  with  a 
thick  filament,. as  they  were  easiest.  It  is  easier  to  obtain  the 
desired  action  in  a  thick  filament  lamp  than  it  is  in  a  thin  fila- 
ment lamp.  Even  now  we  do  not  know  how  to  apply  these 
chemicals  to  our  thin  filament  lamps,  but  we  are  progressing. 
During  the  year  we  have  added  the  6o-watt,  and  we  shall  go 
further  during  the  next  year. 

Vacuum  getters  have  been  introduced  in  other  lamps  which 
your  Committee  has  not  reported  upon.  Railway  lamps  during 
the  last  year  have  been  treated  with  it,  and  they  are  to-day  twice 
as  good  as  they  were  a  year  ago.  Train  lighting  lamps  and  also 
the  larger  types  of  series  street  lamps  have  been  treated  the  same 
way,  and  they  also  are  twice  as  good  as  they  were  a  year  ago. 
The  automobile  headlight  is  now  included  in  the  list.  Those 
lamps  are  hardly  on  the  market  as  yet,  but  all  lamps  made  to-day 
are  so  treated,  and  their  quality  is  very  much  better  than  it  has 
been  in  the  past. 

Your  Committee  reports  on  the  lo-watt  standard  voltage 
lamp.  That  lamp  to-day  is  five  times  as  good  as  it  was  a  year 
ago.  That  improvement,  however,  is  not  due  to  chemical  means. 
It  is  due  simply  to  our  having  learned  how  to  make  them  prop- 
erly, and  to  prevent  the  overlapping  of  the  filaments,  which  had 
been  one  of  the  chief  difficulties. 

The  report  of  your  Committee  states  that  not  only  has  the 
quality  of  all  these  lamps  improved  during  the  year,  but  the 
price  has  tended  continuously  downward.  So  it  has,  and  it  is 
our  duty,  the  duty  of  the  manufacturers,  to  see  that  those  ten- 
dencies continue;  that  the  quality  continues  to  improve,  and 
that  the  price  continues  to  come  down ;  and  as  the  price  comes 
down  and  the  quality  goes  up,  the  value  of  the  lamp  per  dollar 
is  so  much  greater  that,  as  your  Committee  reports,  the  mazda 
lamp  is  rapidly  superseding  the  carbon  and  gem  lamps. 

If  anyone  sits  down  and  figures  the  relative  values  of  the 
gem  lamp  and  the  mazda  lamp,  considering  their  present  quality 
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and  prices,  he  will  convince  himself  that  the  mazda  lamp  is  a 
more  economical  lamp  for  him  to  use  than  the  carbon  or  gem.  So 
I  prophesy  that  within  a  very  short  time  there  will  be  onlj 
one  lamp  on  the  market,  and  that  the  mazda  lamp. 

Your  Committee  refers  to  the  gain  in  street  series  lamps, 
due  to  improvement  in  the  accuracy  of  making  wire,  so  that 
lamps  can  be  made  to  the  absolutely  correct  amperage.  That 
has  all  been  done  during  the  present  year,  so  that  whereas  pre- 
viously we  sold  lamps  of  6.4  to  6.8  amperes,  we  now  make  them 
all  6.6  amperes,  and  customers  are  adapting  their  appliances 
to  the  use  of  the  one  standard  amperage  of  6.6  only,  and  that 
is  a  simplification  in  the  business.  It  simplifies  the  stock  we 
have  to  carry,  it  cheapens  the  lamp,  we  do  not  have  to  make 
so  many  varieties,  and  anything  that  cheapens  the  lamp  reduces 
the  cost,  as  you  can  see,  in  constantly  progressive  reduction. 

The  same  improvement  in  accuracy  which  has  been  noted  in 
the  series,  sign  and  railway  lamps,  applies  to  all  multiple  lamps, 
in  fact  to  all  lamps,  so  much  so  that  lamps  now  are  made  ven- 
accurately  to  voltage.  As  you  all  know,  in  making  carbon  and 
gem  lamps  it  has  been  impossible  to  make  them  to  voltage.  If 
we  attempted  to  make  a  no- volt  lamp  we  would  make  it 
all  the  way  from  105  or  lower  to  115  or  higher.  Although  they 
were  designed  to  be  no,  they  are  not  no,  and  they  have  to 
be  measured,  marked  and  sold  accordingly.  That  condition  no 
longer  exists  in  mazda  lamps.  Lamps  made  for  any  voltage 
measure  that  voltage  as  accurately  as  we  can  measure  it. 

The  great  range  of  voltages  which  are  used  by  central  sta- 
tions for  incandescent  lamps — as  you  know,  the  voltage  ranges 
from  104,  or  lower,  to  122,  or  more — is  due  to  the  fact  that  in 
carbon  and  gem  lamps  we  could  not  manufacture  the  voltage. 
As  our  stock  of  lamps  accumulated  in  voltages  for  which  we 
had  no  orders,  new  plants  using  large  numbers  of  lamps  would  be 
placed  at  that  voltage,  so  as  to  use  up  lamps  which  we  neces- 
sarily made  in  our  effort  to  make  others.  In  general  that  con- 
dition still  exists  for  carbon  and  gem  lamps  exactly  the  same  as 
it  did  before.  Neither  of  them  can  be  made  exactly  to  voltage,  to 
diameter,  or  to  resistance,  and  as  long  as  those  lamps  are  used,  this 
condition  will  exist ;  but  with  the  mazda  lamp  it  does  not  exist.  If 
we  had  started  with  the  mazda  lamp  in  the  condition  in  which  it  is 
to-day,  we  would  have  made  our  lamps  to  one  voltage  only  and 
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all  your  plants  would  have  been  at  one  voltage — a  very  desirable 
state.  We  hope  some  day  to  bring  that  about,  to  make  all 
operating  stations  run  at  one  voltage.  When  that  time  comes — 
and,  of  course,  it  will  be  when  carbon  and  gem  lamps  have 
passed — there  will  be  a  very  considerable  reduction  in  the  cost 
of  manufacturing  lamps  and  in  the  cost  of  manuufacturing  appa- 
ratus. It  will  reduce  the  cost  of  lamps,  the  cost  of  generators, 
and,  ultimately,  the  cost  of  electric  lighting. 

Now,  Mr.  Randall  has  told  you  of  the  improvements  of  the 
past  year,  and  that  they  were  made  in  the  laboratories  of  the 
General  Electric  Co.  You  may  like  to  get  a  little  knowledge  of 
the  extent  of  that  work  in  the  three  or  four  laboratories  of  the 
company.  There  are  over  50  first-class  scientific  research  men 
working  on  lamps  alone.  These  men  have  over  60  assistants  who 
are  also  skilled  men,  and  most  of  them  college  graduates,  besides 
a  very  large  number  of  helpers  and  subordinates.  These  men 
are  all  working  to  improve  the  quality  of  the  lamp,  and,  inci- 
dentally, to  give  your  Lamp  Committee  something  to  report  on 
next  year.  We  intend  to  keep  it  up  and  expect  to  make  the  lamps 
better.  There  are  two  lines  of  work  going.  Many  men  are 
working  to  make  tlie  lamps  better,  some  are  working  to  make 
Wiem  cheaper.  When  you  make  a  lamp  better  you  usually 
make  it  cheaper — not  always,  but  usually.  It  is  a  remarkable 
thing  that  when  you  do  improve  a  lamp  you  make  it  cheaper. 
That  tendency  will,  no  doubt,  continue,  and  when  I  come  before 
you  again,  I  shall  tell  you  more  that  we  have  done  during  the 
current  year. 

Mr.  Norman  Macbeth,  New  York  City :  One  point  that  I 
would  like  to  bring  up  in  connection  with  this  report  of  the  Lamp 
Committee  in  reference  to  the  tables  showing  the  percentage  of 
carbon,  gem,  tantalum  and  mazda  lamps  is  that  it  se^ms  to  me  if 
this  table  had  been  based  on  the  light  production  possibilities  of 
the  lamps  rather  Jthan  on  numbers  of  lamps  the  results  would 
have  been  more  favorable.  While  there  are  not  as  many  large 
mazda  lamps  used  as  of  the  smaller  sizes,  the  method  of  calcula- 
tion adopted  by  the  Committee  would  result  in  one  8-c-p.  carbon 
filament  lamp  offsetting  a  400-c-p.  mazda  lamp,  and  in  the  case 
of  a  1 00- watt  mazda  lamp  used  to  substitute  a  5-16-c-p.  lamp 
cluster,  the  committee  report  would  recognize  this  as  five  carbon 
lamps  against  one  mazda  lamp,  whereas  on  the  light  output 
basis  it  would  be  an  almost  equal  exchange. 


The  result  of  a  table  giving  the  percentages  as  abate  ba 
based  on  light  output  rather  than  on  number  of  lamps,  wodd 
undoubtedly  raise  the  percentage  of  mazda  lamps  from  approx- 
imately  40  to  60  or  perhaps  70  per  cent.  As  a  matter  of  taa 
a  large  number  of  the  carbon  lamps  at  present  in  use  are  in  loca- 
tions where  short  hours  of  burning  are  the  rule,  and  it  is  prob- 
able, considering  the  quantity  of  light  produced  with  incandescea 
electric  lamps  in  this  country,  that  80  per  cent  of  the  hghting 
hours  are  taken  care  of  with  mazda  lamps.  I  believe  that  dm 
change  of  rating  would  have  an  effect  worth  while  on  consumers 
and  central  stations  likely  to  be  influenced  by  the  action  of  the 
majority  and  who  would  hesitate  to  change  their  carbon-filanxot 
lamps  on  the  statement  that  40  per  cent  only  of  the  lamps  used 
during  the  year  1912  were  mazda  lamps. 

The  Chairman  :  Mr.  Willcox  has  come  in.  As  we  ha?c 
not  seen  anything  of  him  for  a  couple  of  years  since  he  went  to 
London,  probably  he  would  like  to  say  a  word  on  the  lamp 
situation. 

Mr.  F.  W.  Willcox,  London,  England:  Mr.  Chairman,  this 
is  totally  unexpected.  I  do  not  feel  that  I  can  add  an3rthing  to 
the  very  interesting  discussion.  I  came  to  learn,  and  I  have 
already  learned  more  than  I  can  contribute. 

The  work  that  is  going  on  in  the  States  in  connection  with 
lamp  development  appeals  to  me,  particularly  after  my  two  years' 
absence,  as  most  remarkable.  Especially  when  judged  by 
European  standards  the  pace  is  tremendous.  I  only  wish  it  were 
possible  to  extend  to  England,  where  the  electrical  density  is 
only  a  fraction  of  what  it  is  in  the  States,  some  of  the  develop- 
ment work  and  aggressive  co-operative  effort  which  is  so  pro- 
ductive of  results  here. 

I  have  just  been  making  a  few  figures  to  show  you  the  dif- 
ference. The  consumption  here  to-day  in  the  States,  as  you 
see,  aggregates  about  ninety  million  lamps  a  year  with  a  popu- 
lation of  about  ninety  million,  or  about  one  lamp  per  capita. 
In  Great  Britain,  with  a  population  of  about  forty-five  million, 
it  runs  only  about  twenty  million  lamps  per  year,  or  half  a 
lamp  per  capita.  Furthermore,  the  electrical  growth  in  this 
country,  which,  as  you  see,  is  from  five  to  ten  million  lamps  per 
year,  is  a  very  large  fraction  of  the  total  consumption  of  lamps 
in  Great  Britain.  Conditions,  therefore,  are  quite  diflferent  in  these 
two  countries,  and  I  only  wish  for  the  growth  of  the  business 
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over  there  that  they  could  catch  some  of  your  speed  in  electrical 
development. 

The  particular  things  we  are  interested  in  in  Great  Britain 
are,  of  course,  the  production  and  development  of  the  higher 
voltage  lamps,  and  the  problem  there  is  a  little  different  from 
what  it  is  here,  as  over  .65  per  cent  of  the  electrical  installations 
are  250-volt  installations,  while  here  the  proportion  of  2SO-volt 
installations  is  very  small.  In  general,  the  tendency  abroad  in 
connection  with  lamp  usage,  and  the  replacement  of  other  forms 
of  lamps  with  incandescent,  tungsten  lamps,  is  very  similar  to 
what  it  is  here.  They  follow  the  same  general  practise  of  util- 
izing the  very  high  efficiency  of  the  tungsten  lamp  in  substitu- 
tion for  the  arc  lamp  and  all  other  forms  of  lamps,  and  the 
stimulus  that  the  tungsten  lamp  is  giving  has  resulted  in  greater 
extension  acceleration  than  heretofore  known. 

These  are  epoch  making  statements  that  we  have  heard  to- 
day from  Mr.  Howell.  This  wonderful  development  of  the  tung- 
sten lamp  has  brought  with  it  gains  of  accuracy  in  actual 
lamp  production,  so  that  the  possibility  of  having  one  voltage 
only  is  now  within  sight,  and  the  assurance  of  still  further  reduc- 
tions in  cost,  a  lamp  which  will  be  continually  cheaper,  and  may 
possibly  compare  with  the  carbon  lamp  in  ultimate  cost.  These 
conditions  seem  to  me  to  lead  to  one  general  result,  the  universal 
substitution  of  the  tungsten  lamp  for  all  other  forms  of  electrical 
illuminant. 

It  was  a  fortunate  thing  for  the  industry  that  an  electrical 
development  of  this  kind  came  in  the  form  of  the  simple  incan- 
descent lamp.  It  might  not  have  done  so.  It  might  have  come 
in  like  the  Nernst  lamp,  or  a  lamp  having  movable  parts,  but 
instead  we  have  it  in  the  same  simple  form  we  have  always 
known,  with  all  the  advantages  that  gives  us.  That  is  a  great 
heritage  and  a  fortunate  thing  for  the  electrical  industry. 

The  Chairman  :  Are  there  any  comments  to  be  made,  gen- 
tlemen, on  this  report?  If  not,  we  will  proceed  with  the  read- 
ing of  the  paper  "The  Relation  of  the  Incandescent  Lamp  to 
Lighting  Service,"  by  Mr.  M.  D.  Cooper  and  Mr.  R.  E.  Camp- 
bell, of  Cleveland. 

Mr.  M.  D.  Cooper,  Cleveland,  Ohio:  In  opening  this  sub- 
ject the  authors  wish  to  acknowledge  their  indebtedness  to  the 
Qeveland  Electric  Illuminating  Co.  for  their  very  kind  jco- 
operation. 


THE  RELATION  OF  THE  INCANDESCENT 
LAMP  TO  LIGHTING  SERVICE 

In  the  early  development  of  a  central  station  the  securing  oi 
more  customers  and  more  revenue  are  most  important  items,  and 
although  the  quality  of  the  service  is  necessarily  kept  in  mind 
it  is  still  subservient  to  the  pressing  need  of  extension  and  growth. 
As  time  elapses  the  item  of  service  grows  in  importance  as  com- 
pared with  the  item  of  revenue  until  the  present  day  conditions 
are  reached,  when  the  two  are  recognized  to  be  of  about  equal 
importance.  Much  has  been  written  on  the  subject  of  the  scnncc 
rendered  by  central  stations  to  their  customers.  A  great  deal 
has  been  accomplished  toward  the  end  sought — that  of  complete, 
satisfactory  and  economical  electric  service.  •  In  view  of  the  short 
time  which  the  industry  has  had  to  reach  its  present  state  of 
development,  it  follows  that  we  can  logically  expect  continueii 
activity  tending  toward  further  improvement,  extension  and 
cconpmy  of  service. 

It  is  interesting  to  note  in  this  connection,  that  although 
the  cost  of  living  has  increased,  the  cost  of  electricity  has 
decreased.  Changes  in  the  rates  of  charge  for  electric  service 
are  almost  entirely  in  the  downward  direction.  Even  though 
the  actual  charges  for  electrical  service  had  remained  unchanged, 
the  cost  would  be  less  than  formerly,  for  the  reason  that  many 
additional  items  of  benefit  to  the  customers  are  now  included  in 
the  term  "central-station  service." 

The  authors  wish  to  discuss  a  subject  which  is  vital  to  good 
service  and  which  apparently  has  not  as  yet  received  the  attention 
it  merits.  This  subject  pertains  to  the  voltage  drop  between  the 
customer's  service  and  his  load.  Central  stations  annually  expend 
large  sums  of  money  to  maintain  a  uniform  and  constant  voltage 
at  the  services  of  all  their  customers.  The  manufacturers  of 
current-consuming  devices  likewise  put  forth  every  effort  to 
make  their  products  adhere  closely  to  the  voltage  rating.  This 
honest  endeavor  has  had  and  will  continue  to  have  its  results  in 
the  increased  use  of  electricity.  The  benefits  of  this  endeavor 
may  be  even  more  fully  realized  if  greater  attention  is  given  to 
the  question  of  interior  voltage  drop. 

Although  the  central  station  cannot  be  held  either  morally 
or  legally  responsible  for  the  conveyance  of  electricity  from  the 
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service  switch  to  the  current-consuming  devices,  this  subject 
merits  attention  because  it  affects  both  revenue  and  the  quality  of 
the  service  rendered  to  the  customers.  If  service  to  a  customer 
should  be  greatly  impaired  by  a  particularly  bad  example  of 
interior  drop,  in  the  customer's  mind  the  central  station  would 
have  to  bear  the  burden  of  the  criticism. 

The  entire  elimination  of  interior  voltage  drop  is  a  physical 
impossibility.  It  may  be  decreased  but  never  abolished.  There- 
fore, the  remedy  must  be  a  compromise  between  elimination  of 
the  cause  and  adaptation  to  the  effects. 

LIGHTING  SERVICE  AS  AFFECTED  BY   VOLTAGE  DROP 

The  term  "lighting  service"  may  be  used  to  designate  the 
degree  of  satisfaction  which  a  customer  derives  from  the  use  of 
electricity  as  a  means  of  producing  light.  Due  to  the  high 
efficiency  of  modem  electric  lighting  the  use  of  other  illuminants 
is  rapidly  becoming  less  widespread  than  was  the  case  a  few 
years  ago.  The  safety,  convenience,  adaptability  and  economy 
of  such  illuminants  as  the  tungsten-filament  lamp,  for  instance, 
have  given  a  strong  impetus  to  this  branch  of  central-station 
service. 

In  electric  lighting  and  particularly  in  incandescent  lighting, 
as  in  no  other  one  branch  of  the  electric  supply  industry,  satis- 
factory operation  depends  upon  a  very  close  co-ordination  of  the 
voltage  of  supply  and  the  rated  voltage  of  the  translating  devices. 

The  larger  central  stations  maintain  so-called  "flying  squa- 
drons" who  make  periodic  tests  of  the  line  voltage  at  the  service 
switch  on  the  premises  of  their  customers.  This  enables  the  sta- 
tion to  maintain  a  fairly  uniform  voltage  at  the  point  where  the 
service  enters  the  premises  of  its  customers,  but  it  takes  no 
account  of  the  voltage  drop  between  the  service  switch  and  the 
lamp  sockets. 

An  incandescent  lamp  fulfills  its  rated  performance  with 
respect  to  wattage,  candle-power,  and  life  only  when  burned 
exactly  at  its  rated  voltage.  If  the  voltage  supplied  is  less  than 
the  lamp  voltage,  its  wattage  consumption  is  decreased  in  a  cer- 
tain proportion  and  the  candle-power  in  a  much  greater  pro- 
portion, thus  decreasing  the  efficiency  of  light  production.  If 
the  voltage  supplied  is  greater  than  the  lamp  voltage,  the  wattage, 
the  candle-power  and  the  efficiency  are  increased,  but  the  life  of 
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the  lamp  may  be  unduly  shortened.    The  total  cost  of  light  goq- 
sists  of  two  elements;   the  cost  of  energy  and   the  cost  d 
renewals.    Since  the  economy  of  light  production  depends  upoo 
a  proper  balance  between  these  two  components  of  the  total  cost, 
it  is  highly  important  that  the  balance  be  preserved  by  operating 
the  lamps  under  the  voltage  conditions  which   are   universally 
agreed  to  be  the  most  suitable  for  yielding  simultaneously  the 
proper  quantity  and  a  good  quality  of  light,  the  proper  revenue 
to  the  central  station  and  the  proper  economy  of  light  production. 
As  far  as  the  quality  of  lighting  service  and  the  revenue 
obtained  therefrom  are  concerned,  if  undervoltage  burning  exists, 
it  makes  no  difference  whether  it  is  caused  by  the  selection  of 
an  improper  lamp  or  by  lack  of  detailed  knowledge   of  tbc 
exact  voltage  conditions  existing  on  the  system — the  result  is 
the  same,  less  light,  poorer  quality  of  light,  less  revenue  to  the 
central  station,  dissatisfied  customers  and  an  opening  for  com- 
peting illuminants. 

OPERATION  OF  ACCESSORIES  AS  AFFECTED  BY  VOLTAGE  DROP 

The  effect  of  a  considerable  drop  in  voltage  on  the  operation 
of  the  various  auxiliary  electrical  appliances  is  somewhat  similar 
to  the  effect  on  an  incandescent  electric  lamp.  In  other  words, 
the  manufacturers  of  these  appliances  have  established  definite 
voltage  ranges  within  which  their  operation  will  give  satisfaction. 
The  impression  has  existed  that  incandescent  lamps  require  much 
closer  voltage  regulation  than  any  other  class  of  load,  but  it  is 
found  that  various  electrical  appliances  (other  than  those  motor 
driven)  require  nearly  as  close  voltage  selection  and  voltage 
regulation  as  is  necessary  for  the  successful  operation  of  lamps. 
Appliances  of  the  heater  class,  such  as  flat-irons,  curling-iron 
heaters,  warming-pads,  etc.,  are  rated  by  their  manufacturers  in 
steps  of  from  5  to  lo  volts,  showing  that  the  voltage  limits  for 
satisfactory  operation  are  from  2j/^  to  5  volts  either  side  of  the 
rating.  Appliances  of  the  cooking  class,  such  as  toasters,  perco- 
lators, grid-irons,  broilers,  etc.,  which  demand  somewhat  closer 
temperature  regulation,  are  rated  in  smaller  steps  of  from  3  to  7 
volts,  showing  that  the  voltage  limits  for  satisfactory  operation 
are  from  ij4  to  ^yi  volts  either  side  of  the  rating.  If  the  volt- 
age supplied  to  the  apparatus  is  lower  than  that  at  which  it  was 
intended  to  operate,  the  time  required  for  producing  the  heat 
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^»  necessary  for  economical  and  successful  accomplishment  of  the 
^  work  in  hand  is  too  great.    The  result  is,  in  many  cases,  a  return 
.  to  the  earlier  heating  methods  in  use  before  electricity  became 
.  economically  and  satisfactorily  available.     These  close  voltage 
^   limits  in  the  ratings  of  appliances  have  been  adopted  by  manu- 
..•  facturers  because  they  recognize  that  the  economical  and  satis- 
factory operation  of  a  majority  of  these  appliances  depends  upon 
the  time  required  to  attain  a  certain  heat  and  this  in  turn  upon 
'    the  voltage  at  which  current  is  supplied.     The  importance  of 
proper  selection  of  apparatus  with  regard  to  the  voltage  at  the 
point  of  attachment  will  therefore  be  fully  appreciated. 

OBJECT  OF  INVESTIGATION 

In  previous  work  on  voltage  conditions  as  found  on  the  cir- 
cuits of  central  stations,  the  authors  found  numerous  cases  where 
lighting  service  had  been  seriously  impaired  by  interior  drop. 
Some  of  the  particular  instances  were  so  flagrant,  and  the  result- 
ant dissatisfaction  with  electric  service  was  so  great,  that  it 
seemed  an  investigation  of  the  subject  of  interior  voltage  drop 
might  bring  forth  facts  which  would  be  of  general  benefit  The 
object,  then,  of  this  investigation  of  voltage  drop  betw/een  the 
service  switch  and  the  lamp  sockets  was  to  obtain,  if  possible, 
some  information  which  would  show  an  approximately  average 
drop  for  various  classes  of  lighting;  to  show,  further,  in  some 
measure,  the  importance  of  taking  this  factor  into  consideration 
in  the  selection  of  lamps  and  appliances  for  use  on  central-sta- 
tion circuits. 

METHOD  OF  INVESTIGATION 

In  securing  locations  for  tests  no  attempt  was  made  to  select 
buildings  which  to  the  previous  knowledge  of  the  authors  might 
show  abnormal  conditions.  The  only  criterion  in  the  selection  was 
the  consent  of  the  occupants  of  the  building.  It  was  attempted 
to  include  in  the  investigation  such  buildings  as  would  be  typical 
of  the  main  classes  of  central-station  load,  such  as  industrial, 
commercial  and  residential  installations.  In  order  to  eliminate 
from  the  data  the  effect  of  slight  fluctuations  of  line  pressure  it 
was  necessary  to  take  simultaneous  voltage  readings  at  the  service 
switch  and  at  the  lamp  socket.  This  was  accomplished  by  the  use 
of  stop  watches.    Readings  of  the  service  voltage  were  taken 
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every  half  minute,  and  all  readings  at  lamp  sockets  were  takai 
at  times  corresponding.  The  voltmeters  used  were  very  carciulh 
calibrated,  and  any  difference  in  their  indications  has  been  eliim. 
nated  from  the  data. 

Since  practically  all  of  the  voltage  measurements  were  takea 
during  daylight  hours,  it  was  necessary  to  turn  on  the  lamps  dur- 
ing the  test.    An  effort  was  made  to  avoid  loadings  the  dronb 
beyond  the  point  which  would  be  representative  of  the  installa- 
tion.   In  the  case  of  residences  the  tests  indicate  load  conditioib 
somewhat  heavier  in  comparison  with  the  maximum  demand  than 
in  the  case  of  commercial  and  industrial  installations.     This  is 
due  to  the  fact  that  in  residences  the  tests  were  made  on  the 
house  as  a  whole,  while  in  industrial  and  commercial  installatioos 
practically  separate  tests  were  made  on  each  floor  or  subdivisioD 
of  the  building.    In  the  case  of  residential  tests,  the  data  on  drop 
due  to  lighting  load  were  supplemented  by  data  on   the  drop 
caused  by  the  addition  of  various  appliances,  such  as  flat-ircms, 
toasters,  heating  pads,  percolators,  etc. 

Tables  I,  II  and  III  show  the  results  of  the  investigation  of 
interior  voltage  drop.  Under  the  heading  "Maximum  Volts 
Drop"  is  shown  the  maximum  difference  between  socket  voltage 
and  service  voltage  which  was  encountered  in  the  tests  at  each 
place.  The  "Average  Volts  Drop'*  is  the  average  of  all  such 
differences.  The  total  lighting  load  is  the  total  load  which  was 
turned  on  during  the  time  the  readings  were  taken.  It  does  noi 
represent  the  total  connected  load.  In  residential  service  and 
particularly  in  apartments  the  number  of  risers  from  the  services 
to  the  secondary  distributing  panels  may  be  very  small,  hence  it 
might  be  expected  that  the  average  drop  would  bear  some  relation 
to  the  total  load.  For  this  reason  the  average  drop  is  divided  by 
the  kilowatt  load  and  listed  as  "Average  Drop  per  Kilowatt"  in 
the  table  on  residential  service. 
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DATA  SECURED 

TABLE  I 
Industrial  Service 


Description  Max. 

No.                   of  Volts 

Product  Drop 

1  Brass  specialties  9.4 

2  Lamp  factory 3.2 

3  Boiler  and  plate  shop 5.5 

4  Machine  shop   3.8 

5  Foundry 4.5 

6  Varnish  factory  2.0 

7  Qothing  factory 4.4 

8  Heavy  castings  9.2 

9  Plate  and  structural  iron  . .  9.4 

10  Brewery    6.5 

11  Machine  shop   3.8 

12  Machine  shop   a. 3 

13  Stove  factory 0.2 

14  Box  factory  3.2 

Knit  goods  factory  s-3 

Fixture  factory  3.6 

17  Machine  shop   3.2 

18  Machine  shop   3.7 

19  Carding  mill   8.1 

20  Art  glass 35 

21  Awnings    4.7 


Average 5 .02 

TABLE  II 


Ave. 

Volts 

Drop 

4.1 
1.9 

3.1 
2.1 

2.5 

1-7 
2.4 

4.6 

4.5 
3.1 
3.2 

4.2 
3.0 
2.2 
2.1 
2.0 
2.4 

4-7 

2.1 

3.4 

2.94 


C0M-M£RCIAL   SERVICE 


No. 


Description 


1  Wholesale   hardware    

2  Hotel    

3  Hotel    

4  Restaurant    

5  Wholesale  hardware  * 

^   Cigars  and  billiards   

7  Wholesale  hat 

8  Office  supplies    

9  Office  building    

0  Restaurant    

1  Restaurant    

Qub  building 

Small  office  building  

Retail   furniture   

5  Small  theatre 

6  Storage    

7  Storage    

8  Department  store  

9  Small  office  building  

)    Wholesale  liquor  

[    Retail  glass  and  paint 

i    Garage   


Max. 

Volts 
Drop 

4.7 

4.9 

4.6 

5-2 

14.2 

3.8 

30 

5.3 

2.2 

2.5 
2.9 
31 

6.8 

7.2 

2.1 

2.9 

3.9 
2.1 

3.4 
2.4 

'21.0 


Total 
Lighting^ 
Load-kw.. 

5.3 
3.0 

II. 2 

6.1 
4.2 
2.2 
6.0 
4.8 
10.5 

4.7 

3.1 

9.1 

8.3 

2.7 
4.2 

4.4 

3.9 
5-2 

5.3 
1.2 

2.2 

5.1 


Ave 

Volts 
Drop 

2.8 

2.9 

31 

3.9 

II. 3 

2-7 

3-3 
2.5 
4-3 
2.0 
2.2 
2.0 
2.8 
4.4 
2.2 
I.I 
2.0 
2.2 

1.4 
2.9 

0.9 

20.0 


3  wire 

or 
a  wire 

3 
3 


220   volts 

only 


3 
3 
3 
2 
2 
2 
2 

3 
2 

2 
3 

3 
2 

3 
2 

3 
3 


Total 
Lightinf? 
Load-kw. 

4.0 

I.O 

48.0 

30 

4.3 
1.2 

0.6 

12.3 

60.0 

0.5 

1.0 

3.2 

3.1 

13.4 

3-4 
2.7 

4.4 
7  7 
1-4 
1.3 
r.4 

2.7 


3  wire 

or 
2  wire 

3 

3 

3 

3 

3 

3 

3 

3 
2 

2 

2 

3 

3 
2 

3 
3 
3 
3 
3 
3 

3 

2 


Average  394  303  10.9 

*  Bzclude4  from  aTtrage,  tince  these  are  evidently  isolated  cases  of  abnormal  conditions. 
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TABLE  III 

Residential  Servicx 

« 

Apartments 

Lighting 

Load 

ooem 

Volu  Drop 

Vd 

Watu 

Ave. 

Watu 

Volu 

Dn 

No. 

Floor 

Load 

Max. 

Ave. 

per  kw. 

Load 

Drop 

perl 

I 

2 

475 

2.2 

1.3 

2.7 

2 

I 

1,000 

2.7 

2.0 

2.0 

3 

3 

400 

4.2 

3.5 

8.8 

900 

6.5 

7. 

4 

3 

400 

1.4 

1.2 

3.0 

5 

4 

300 

4.4 

3-7 

12.3 

900 

7.8 

7- 

6 

I 

4ao 

1.4 

0.9 

2.1 

7 

I 

260 

1.2 

0.9 

3.5 

8 

2 

350 

1.8 

1.4 

4.0 

9 

2 

300 

1.7 

1.5 

5.0 

lO 

I 

475 

2.4 

2.2 

4.6 

II 

2 

375 

1.7 

1.3 

3.5 

12 

I 

735 

3.2 

2.4 

Z'Z 

13 

2 

600 

2.9 

2.2 

3.7 

14 

2 

425 

2.1 

1.8 

4.2 

15 

3 

750 

2.5 

1.7 

2.3 

500 

2.1 

4.2 

i6 

2 

520 

1.8 

1.7 

3.3 

1,000 

7.5 

7-5 

17 

2 

260 

0.8 

0.6 

2.2 

i8 

I 

280 

2.3 

2.1 

7.5 

500 

2.5 

5-0 

Average  . . 

..462 

2.26 

1.80 

4.33 

798 

5.28 

M 

Houses 

I 

435 

2.0 

I.I 

2.5 

560 

2.0 

z^(> 

2 

600 

1.6 

0.6 

1.0 

3 

i^S 

2.3 

1.6 

I.I 

440 

3.3 

7.5 

4 

440 

1.7 

1.3 

3.0 

5 

400 

1.2 

1.0 

2.5 

1^50 

3.1 

3.5 

6 

52s 

1.2 

0.9 

1.7 

7 

640 

I.O 

0.8 

1.2 

8 

475 

2.0 

1.7 

3.6 

9 

960 

1.5 

0.7 

0.7 

10 

m 

1.3 

0.9 

2.6 

• 

II 

0.9 

0.6 

0.7 

12 

68s 

3.4 

2.7 

3.9 

13 

500 

1.5 

1.0 

2.0 

14 

825 

4.3 

3.1 

3.8 

Average  . . 

..655 

i.8s 

1.29 

2.16 

750 

2.80 

4.52 

Average  for 

residentia 

I 

service  .. 

••547 

2.08 

T.57 

3.38 

7^ 

435 

5.S 

In  order  to  know  what  amount  of  voltage  drop  occurs  m( 
frequently  in  each  of  the  three  classes  of  load,  the  following  tal 
is  given,  which  lists  the  results  according  to  the  amount  of  av 
age  voltage  drop  found  in  each  building  tested. 
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TABLE  IV 

IkTcraffc  Drop 

Industrial 

Commercul 

Residential 

Volu 

No. 

Per  cent 

No. 

Per  cent 

No. 

Per  cent 

Under  i 

0 

0 

I 

5 

9 

28 

i.o  to  1.9 

2 

9 

2 

10 

't 

44 

2.0  to  2.9 

9 

43 

13 

65 

19 

3.0  to  3.9 

5 

24 

2 

10 

3 

9 

4.0  to  4.9 

5 

24 

2 

10 

0 

0 

Total    

...21 

100 

20 

100 

32 

100 

TABLE  V 

Summary 

Volts  Drop         Gain  by  eliminating  effect  of 

voluffe  drop 
Percent  Gain    Per  cent  Gain  to 
ATerare  to  customer  in    Central  Station 

Serrice  Load  Kw.         Max.  Ave.  Candle*power  in  Current'Sales 

Industrial 5.1  5.02  2.94  10.4  4.4 

Commercial    10.9  3.94  3.03  10.8  4.0 

Residential   ..   0.55  2.08  1.57  5.4  2.3 

Grand  average  .. .  3-68  2.5  8.9  3.8 

The  gfrand  average  of  this  table  is  obtained  from  the  average 
for  the  three  different  classes  of  load  by  attaching  equal  weight 
to  each  class.  As  applied  to  the  load  conditions  of  any  particular 
station,  the  true  general  average  might  be  either  higher  or  lower, 
depending  upon  the  relative  importance  of  the  three  classes  of 
load.  The  tests  represented  by  the  above  summary  were  all  taken 
in  Cleveland.  Taking  all  conditions  into  consideration  it  is 
believed  that  the  class  of  wiring  done  in  this  city  is  representa- 
tive of  that  which  would  be  found  in  other  cities. 

It  is  therefore  evident  that  a  figure  of  at  least  2  volts  for 
the  average  interior  drop  indicates  in  a  conservative  manner  the 
conditions  which  may  be  found  throughout  the  country. 

Examples 

It  might  be  interesting  to  note  the  extremes  of  conditions 
which  were  encountered  in  various  tests.  In  one  large  residence 
which  had  nearly  a  kilowatt  of  lighting  demand,  the  average  of 
seven  readings  taken  at  various  places  about  the  house  showed 
«n  average  drop  of  only  0.7  volt.  This  was  the,  only  residence 
encountered  which  had  separate  and  special  provision  for  the 
conveyance  of  current  to  electrical  appliances.  In  contrast  to 
this  may  be  mentioned  the  case  of  a  large  residence  not  in  Qeve- 
land,  however,  in  which  a  drop  of  20  volts  was  found.    (See  Table 


Vf /.  7f>^  tw^^/rAA  roHa^^e  vaj  105  Tohs  'osbb^  iio-^kSl  dams  . 
with  an  f frx>^att  kod  tfie  voil^e  dropped  to  85  vofes. 

Anr4h<»rr  inattratMi  of  the  effect  of  {M»r  virisi^  s  S=^«cb  s 
;iffi  ankle  i/y  Mr  C,  E,  Van  Bergen,  Secretarr  aw!  Gcaeial  Xa- 
ki(^  fA  tiv:  Dtshith  EdiKm  0>,.  Dchidi.  Minn  .  r:  dac  ""Onci 
StMi^m"  U/r  July,  191 1,  part  of  nhidi  is  qootcd  as  ici3cm^: 

"^/ne  of  ^>ur  cusu^mer^  made  compiaint  the  past  winter  « 
fi^x/f  li^^  U^ether  with  the  statement  that  the  more  lampi 
turned  on,  the  lei^  illumination  was  secured.  Upon  inresdgatiQa, 
it  wa%  f^/und  that  tmt  nrruh  had  only  bell-wire  in  it  carrying  sd 
lamp^,  and  ah  sXaitA  rmt  lamp  gave  fair  light,  while  with  sx 
turn'rd  ifft  the  filaments  were  scarcely  more  than  red.  This  hoG5c 
wst%  wired  over  twenty  years  ago." 

lit  H^hff  stated,  "central  stations  must  keep  the  matter  0: 
illurniriatKm  Ixrforc  architects,  the  tendenc\'  being  ever  to  cut  anc 
eronoini/i:  (m  this  jx^rtion  of  building  expense.  An  instance  of 
fliifi  falwr  economy  came  recently  to  our  attention  when  we  were 
aski'd  to  make  an  estimate  on  the  expense  of  installing  a  heating 
circuit  in  a  large  residence  only  two  years  old.  No  provision  had 
liecfi  made  for  hasclK>arfl  outlets  for  the  stand  lamp  in  the  reading: 
rofim,  and  this  latnj)  having  been  attached  to  the  wall  bracket, 
(lie  bracket  became  loosened  anri  presented  anything  but  a  pleas- 
ing ajUK-arance.  I^ach  new  house  should  have  provision  made 
for  a  heating  circtiil  on  which  may  be  used  a  luminous  radiator, 
an  electric  iron  or  a  vaciuun  cleaner." 

The  customer's  oj)inion  of  central-station  service,  as  influ- 
enced by  the  matter  of  interior  drop,  may  be  illustrated  by  the 
cas«'  of  a  large  garage,  not  in  Cleveland,  however.  In  this  place 
the  service  had  been  changed  from  an  isolated  plant  to  that  of 
the  central  station.  At  the  time  of  this  change  the  properietor 
replaced  a  number  of  U)  watt  carbon  lamps  with  2SO-watt  tung- 
sten lilanient  lamps.  The  readings  taken  throughout  this  building 
showed  that  under  the  increased  \oiu\  condition  the  average  drop 
was  JO  volts,  with  a  maximum  tlrop  of  21  volts.  This  resulted 
in  a  loss  of  candle  power  amounting  to  50  per  cent.  The  illumi- 
nation obtained  from  the  new  installation  fell  so  far  short  of  what 
had  been  anticipated  that  the  proprietor  became  very  much  dis- 
satistied  with  the  new  service,  since  he  laid  the  blame  entirelv 
\\\Hm  the  centnil  station. 
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In  previous  investigations  of  voltage  conditions  upon  the 
circuits  of  central  stations,  the  authors  have  encountered  a  num- 
ber of  cases  where  considerable  interior  drop  existed.  The 
amount  of  this  drop  was  determined  by  changing  the  load  con- 
ditions and  noting  the  change  of  voltage.  The  resultant  data  do 
not  truly  indicate  the  interior  drop,  since  the  effect  extends  clear 
back  to  the  primary.  The  following  data  on  such  cases  are  given 
without  any  attempt  at  averaging. 


TABLE  VI 

Volts 

LiRhilnfir 

Volts  Drop 

No. 

Drop 

Load  kw. 

per  kw. 

I 

4.0 

3.0 

1.3 

2 

2.0 

1.0 

2.0 

3 

28.0 

1.0 

28.0 

4 

6.0 

1.5 

4.0 

5 

26.0 

2.6 

10. 0 

6 

7.0 

2.6 

2.7 

7 

4.0 

5.0 

0.8 

8 

4.0 

0.24 

16.7 

9 

8.5 

II. 0 

0.8 

10 

9.0 

2.2 

4.0 

II 

3-5 

0.6 

5.4 

12 

0.7 

O.I 

7.0 

13 

20.0 

I..8 

9.0 

14 

I.O 

0.24 

3.1 

15 

4.0 

0.2 

20.0 

i6 

7.0 

5.0 

1.4 

17 

3.0 

0.85 

3.5 

i8 

4.0 

0.5 

CONCLUSION 

8.0 

The  community  of  interest  which  exists  between  the  central 
station  and  the  electrical  manufacturer  makes  it  necessary  that 
they  co-operate  to  supply  the  ultimate  consumer  with  complete, 
satisfactory  and  economical  electric  service. 

The  several  tables  of  data  bring  out  the  fact  that  the  atten- 
tion given  to  the  wiring  of  buildings  is  too  often  superficial.  The 
problem  of  supplying  each  customer  with  that  electric  service 
which  will  best  fit  his  individual  requirements  is  one  which  each 
branch  of  the  electrical  industry  should  aid  in  solving  because  it 
has,  directly  or  indirectly,  an  affect  on  the  progress  of  all. 

If  the  condition  found  in  this  investigation,  viz.,  an  average 
interior  drop  of  at  least  two  volts,  is  indicative  of  general  condi- 
tions throughout  the  country,  then,  due  to  this  difference  of  two 
volts  between  the  voltage  rating  and  the  voltage  of  the  circuit 
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(i)  The  central  stations  are  losing  about  3  per  cent  of  their 
current  sales  to  lighting  customers.  If  the  decrease  in  revenue 
is  proportional  to  the  decrease  in  wattage  the  total  loss  for  all 
the  stations  of  the  country  amounts  to  approximately  $8,ooo/X)o 
per  year. 

(2)  The  lighting  customers  are  losing  aboyit  7  per  cent  of 
their  rightful  candle-power. 

Aside  from  the  loss  in  candle-power,  customers  experience 
a  variation  in  brightness  of  lamps  which  depends  upon  the 
maximum  drop  rather  than  on  the  average  drop. 

The  quality  of  electric  service,  as  typified  by  the  satis- 
faction resulting  from  the  use  of  domestic  appliances,  is  some- 
what impaired,  due  to  the  relatively  greater  drop  caused  by  these 
appliances. 

The  authors  do  not  wish  to  make  any  general  recommenda- 
tions as  to  methods  of  eliminating  the  losses  of  candle-power  and 
revenue  caused  by  interior  voltage  drop,  yet  it  would  seem  that 
great  benefit  would  accrue  from  taking  this  drop  into  considera- 
tion in  the  co-ordination  of  the  ratings  of  lamps,  appliances,  etc., 
with  the  voltage  of  the  circuits  at  the  point  where  they  are  to  be 
used. 

APPENDIX 

The  authors  presented  before  this  Association  last  year  a 
paper  which  dealt  with  the  general  subject  of  voltage  conditions. 
In  this  paper  were  shown  the  losses  in  candle-power  and  revenue 
which  result  from  the  operation  of  lamps  at  less  than  their  normal 
rated  voltage.  A  summary  was  given  of  the  conditions  which 
had  been  found  upon  the  circuits  of  82  central  stations  in  cities 
ranging  in  population  from  1000  to  50,000. 

In  the  year  just  past,  several  more  such  investigations  have 
been  made  and  as  a  matter  of  possible  interest  the  results  of  these 
later  investigations  are  given,  together  with  an  amplified  summary 
of  the  data  previously  published.     (See  Table  IX.) 

Several  of  the  central  stations  visited  a  year  or  so  ago,  have 
been  revisited  and  in  most  cases  a  considerable  change  for  the 
better  in  voltaj^e  conditions  has  been  found.  The  following  table 
shows  the  amount  of  this  change: 
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TABLE  VIII 


No. 


Old 
43 


New 
126 


44  126 

47  118 

54  103 

57  125 

60  122 

aao  Tolts 


Per  cent  DiS. 

between  Max. 

and  Min.  Line 

Volusre 

Old       New 


10 

6 

12 

7 
8 

13 


8 

7 
10 

4 

3 

14 


Per  cent  Voltaire 

lost  in  Distri- 

button 


Old 
5.2 

6.5 
50 

2.8 

5.2 


New 
37 

7-7 

1.8 

6.0 

2.2 

2.2 


Voltage  Conditions 
of  Lamp  Operation 


Old 

4  volts  under 

voltage 
4  volts  under 

voltage 
3  volts  under 

voltage 
♦12  volts  under 

voltage 
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voltage 
8  volts  under 

voltage 


New 
2  volts  under 

voltage 
O.K. 

2  volts  under 

voltage 
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voltage 
2  volts  under 

voltage 


< 

< 
H 

u 

o 

CO 

h 


CO 

o 


Q 
O 

u 

o 

O 

> 


i-ll 


•^-A 


9 
X 


«FA 


2[,    9»Wt(aA 


:iu    t.  ui  }i  ^      ^ 


*•    •o 


u: 


u: 


uc    u 


•r,  -"^c 


toes T»^c  f^ 


41  '< 


IxO     «t     Oi  t^  «  »*  »O00  "OOO     -  >o  >o  »^  «r 


••«H  P"« 


li  ^ 


c 


uon«inS9)i 
Poqww 


tapAo 


»wqd 


ttOfivt'tcl^M 


JO 


6 


ll^ttXC^      «*5     •-•>0  ^00  f^  O  OkOO   «^  "^QC  "O  — 


«*5     »-i>0  -^00  fN.O 

^•m        ^m  CI  )M    (^ 


•O  t-i 


t'£ig':J  =  S'  t-  2&<8&^g"S2^'8'8  8'2 


&2&?^5  "S  g'«8;?^8  2'SR8  5"8  3 


22cccc    o    Sccccc2cccc2c 


W  •^1-.         C^W         MW         M^WC^W  MC«mM 

v8  °v8v8  °v8v8  °v8v8  ^vSnSnSvSnS  °>8>8>8v8 

ro    •Oico    •H^ro    'roco    •C4MHHH40I     -rococO^^ 

•  •  •  •  • 

^  PO  — ^-«-' 

8 |888  8  8888888888888 

Q      •-•>OM»^      O\00«-«fOioC<NWC0C|CI'ifO»-' 
•*5  ►^ 


•  •  •  • 

CB         B  C 

04  o^OifXiti^  Q^  pud^a^SoiSpuSPuPuSP^a^i 


M     nro^iO^O     tsQO  O^O  •-<  M  (O  ^W)^  fvOO  o^ 


to 


^0 
^O^»-^xC^^O00O         iOWfOMi-i         CI      i-i      »H»OTtTfiOtO<*3tOm«-"»OM\OWO»- 

h^  i>^  iH  I-I  iM  CI       d 

•^  CI  pg  o  txX  ^sO»OT^^oo»o^sCl»oo    o    c^O'»f^^c^»o^s'^^oc^T^o^o«Olo 

i-ii^0»hC|i-i».iOICIOi-ii-i'^*-«)-^i^*-i       •-•       i-it-ii-ii-ii-ii-i>-ii-ii-ii-it^»^0'3'»-«CI 


"Ti'vp  ^^'^»oq'-;Cl»0'^  -^vo  '-;^»0'^q     ^s.vq'7C^vo•-;^s»o•-;c^•-;T^  «ooo  O  00  i-; 
«r>roro^6l^»Ot-I  i-I  Tt-^r^iorfcof*^C^      ci      ^f  od  »0  rovo  ^^C)  t^  lO  to  ^  »o  uS  \n\0  K 


tO'-'rx^s^o•-•fo^-"<tai^o^s'-«»-•T^lo^>»vo   \o«^ovoo\»-'Cifo>-»  i>»cx)  «>*  o\oo  oo  -^ 


I-.   I-I  00  NO  VO  00  fO  •-  Ov  O  "^VO  Ov  O  CO  fO  O  ^s  ro  «-!  OVOOO  »-•  CI  TfOO  ^O^s^O00  tN.fxco 

00  O   ^  Q\  O  VQ  •-•  CI  to  Q^  O  00  CI  »0  •-«  VO  00  0\  •-•  to  O  00  5>  Q  Tf  Q\  ©  «-•  OvOgpOOO  Qv  ^ 

*^O0O*^O*^i-^'^0'^O'^'^'^*^0x  O  •^0»^000*~'0»^»-'OOOnCIOO 

t^HHMMI-4l-l»-ll-4l-lh>lh^l-ll-ll>HI^I-t  t-H  l^(-||-(|-l|-<(-l»iN^I-l>iNI-iH4  (S||-||H 

^O0QQvO^0WClQC|•^Q^'i■^st>*O"^f0  »0  OQioiOrfiol>»rOtoOv  I0>0  lO  »-  ^fc>Q 

OOvO00000'-'00C50O«-"»-iO\  O  -OOOOOsOOOOOOOvWOO* 

I-I  M|.|l-l»-IMl-ll-l|-l|-|l-|l-l)-ll-ll-4  I-I  >-l|-ll-,l_l-l  HHl-li-ll-ll-ll-l  CIH4 

•"•   OPQ^^J-^ONO  »OCI  lOCOt-  ^sOv  f^OO  »0  CO  <0  CI  VO  "-I  <OVQ  •-'  X  Tf  lO  CO  CI  covo  to  o 

CO  i-«0>*^CI*^'^ClCI*^*-i**^>-*i^i-**^0  H4  i-iH^i-^i-^^i^OCI^^^^t-i^^^^OCOi^i-^ 

i-4»-II^MMI-ll-4l'^l<HI^»-li-4»HH4l-ll^l-4  »^  |M»-I»HI-4I-«I-«I-4Im»-4H«H4|-«mC|M*H 


toOOO!>OtO  iotooio«o»o»ooooootooooootoooo«otoo 

t^l>4|-||-|J^M»H  ►.^l-IN^|-^>-i_|MI-l>-l|_|l-lHll^|^l^^^l-*H<l-ll-l|-«>-«Q\r>M»-< 

CI  Hj^       ro 
oTi-ii^cf      •-'Ci'  cTcidcfWci^-icii-i       »-ii-7cicr»-<crci'H«c^''crcicri-r      wcT 


8888S,88S'8888888S.88     8888888888 

^>Hi^CICl'-'fO'-'«^<0'*OClro'^<Oi-"CI'^         •-•i^POw'^ClCI»-'POWClCli^         ro 


NO  <ovon8  ^v8       \8n8vSn8^n8vovo<^   \o  fo>8\2vc\8vo '0\8v8v8n8v8    >8v8 

•^  i-i       1-1  1^ 

<*5»-iCICI     ••^►-i     •     •C0<OC0fO**5'O»-<CI>-<     ••-ii-«fOro'OP<^CI«-*co»-»<0«0»-i     'fOii 


OQOOtoOOtooSQ  OtotpoOOOOtOOtoOOOOOOtOO 
•-I  O  lOtOcoO  toiN.ioO  OVO  0\^  tOtoOvO  OOO  Ovt>*P  O  toO  touot^O 
(N|  iH  iH  I-I  I-I  o  t>*vO  Tt»Oioi-»»Hi-'        C|i-ivOrx*-*>->vO^(<0'-<'^Ciro*-4NO 


lOtooOOQOOtoOOto 
d  CI  loioi-i  Ototocoo"^'>< 

i^CI   »-«c0CI»HiH»^i-^O  f>kVO 


•-H     CI 


S888  88  8  88  88888888  8  8888888888  88  8888 

Cv  to  f>.  O  toOO  O  ^00  OOOOOOVOCS    O    OOOOO  0\vO  OVO  SfOClOO  Hi  rs.coS 

«-  CI  •-•^vCl•-•cocl•M•-•^sOx  ^^o  t-tpo    ci     cocotoco»-'i-»Otorx'^Tf'^0\ciooco 

»^Cl*0<*JI-«  t-**-!  I-I 


•  • 


CCCC  C  CCCBC 

V«    U    U   UtTl    Ut^    *^uu    U^V«UUUk«       t^       Uji   U   U    U,^    Im    *^JZ   *->m    l^kl^    ^M    ^ 


% 


M<r| 
•    "'PA 

>    wioA 


c    aJvifOA 

9        «|OA 

n 

(^  •fnioA 

a  -»P"n 


»»n|oA 


of,     » 

ii  ^h  - 

r     •"H7KI 


lis 


M 


o      «*>    O 


•0«  O>00  «  ^  rO« 


•o  «*>«*>  ^*o  «o«o  ^  •^-«  «  •: 


00  »^  t^  n  00  t^o  <ooo  >o    tvOiO\ocii-«ooc<«e« 


00  t^r^vOOOOO  M  O^O    1^  00  '<9'M^OO  OiOO  o^oo  o^o  5S  ^ooio  »-ionn 


g^»8^2'='i2  2'8  "8!>?2228'&&S2  2  2«8S'885 


8S'?S8S^S2'  8  8!S«'8>&&?8  8t»'8&'8  3"8JJ2r 


O  f«  ei  A  ro  ^00  to  io   Qk  00  Oi<o\o '<4't^<oo  f>0  <*o«nAO  cn^OOgn 


I 


uofi«inJa)i 

JO 

poqiaK 


Q-'O'S'O  o"0'2  o  d  o  Q^  6*^  o  d  d  d^^^^  *'^^  S^  d^' 
ooOioQmOo  o^^^'')    ^o«ooooto*o«oo  o  ooo  o> 

I 


•MX 


a>8  |S^8  K^'vS  as  8  ^5?8  8  8  8  8  aas^KS  ft8  8  8!f8 


uoiieindocj 


8 


»o  lo  ^•>o 


:  o  lo  ^r>S  <*5    o    toio«  ^t^  O  ^6  ^^^8^8<2  o  »^8    c 


ledoiuiiM    i       .C...CC.C  .C..C..C.,..C..CC 


O 
2 


ft%a>8^^«v3^  ^  ^^?.v>^^tyR«-«M^a4«  « 


C«  '^ 


t 


*!> 

^«o 

t 

Am 

«o    •-• 

+  <5 

^ 

hi  ►-I  in'g  cpfc^ 


^  <o>o  (!|  M  1^  « 


« 


in 

? 

*0        h^ 


«  WW 

CI  00  O       CO  w       <o\.  W  00  ^  «-•  W       CO  M  m\o  -^  ^\       w  n  ro  ro « 

d  <*50o»o"^»o«-'Wio  f^NO  fo  ts  ov  f^   c\    Tf  q  tovo  •-•  rfcjoooo  Wt->  o\ovO  ^f?© 
roKNr<.«-<*od^N'4wNd»o»ow*to»-I    i-^    N>d'4ciioc6^dvcvcKro'-«tN.'^ N»od vd 

so  •-•  >o  o  to '^■roo  in  i-«  IX  CO  o  00  t^  t^  Tf   cv   m  w -^  looo  o  o^  t^  ro  ^  r^  to  ^s  •-•  o^  o  co 
%n\nt-*  t>%*^  •-•fotoi-ipiH-i-ioo  O\oo  ^    to    i-irfcotofooitoooo  O^o  *>»  w  w  «ovo  "it 

'O'^'OS'OO'-'WtoW'^fiJVCONfO     W      MtOCONQ\OQ\OOOcOPOOOQ^txfO 

,.4h^i-iih»hi-imi-iihmCI»-iim»himi^       i-i       .mMi-ii-ii-ii-iih^hi-ii-i^^miimi-i^-imm 

tOVO  00  00  ts  "^  «  "^  Q  OVVO  00  O  VO  0\  to  p   (S  Ov>0  to  »-<  rf  vo  W  «0  lOOO  «v«00  tO  lO  «  W 
i-«^4QQ0*^CI'*^^*^^0*^i^**^'^  ^  cOfO*-<H4H4^MH4H4^4Mro^4^Nk>i^^^CI 

•^•HMIMI-4MM»-ll-4l-4C|l^l^l-«»H»H         1^         |MM*-IMM»-IH4l^l-4>i40l-4l-l»HIHI-i»^ 

©""S  o  o'S'S'?  o  d  d'2'2'2'0'2  d  d  d  d^g  d'g'2'2  d      d     "^  d^S  d"g-S  d 
9c«9S<Q(^aSSS  S  <!3  ctf  cd  rt  c8  ss9drt:3(dcdc4z}       9       cds(49(Ocor3 

OOOOoOOtoO  to^"  OOtoOoO^to       tototoOO        o      ^oooo       to 

H4|.H»^l^t->l^>^l-4H4H4(ir)»-l|>|IH*^»-ll^     (^   M  IH    M    M     l-H     I-I  N4  "^  ,.4     |^     NN    »H  1.4 

W         »-•«         CIClMCtM         f-ii-ici^NN         W         MMi-iClCI         «  .^i-iMM         d 

^4  IM     IH     I-I  ^^  NH    ►^ 

fO*»-"'0«i-4COPO*OfO*«^»-*»-i**5fO«*5'fO»«Oro»^co<0        ro  .t-itMCOCO'CH 

•  •  •  •  *  a  • 

tOOQQOOQOOOOQQQtONQQONQQpOOQ         Q        OtoQQ.tptoto 
f«0        cOtO        MOMMtoMi-*i-ie^^*-400rOTf»-ii^'<^C4(O'-^        "^        "^fW         toW»^^ 

8888888888888888  8  888 888 88 88g§88888 

ro  «   fOOO  NMi-iO»fOtotoNi-ii-iro«^«-'      ^     MClCv  "^VO  vO  tOOO  "^VO  v©  «0  "^  to  •-«  W  to 

<0  "^  N  ■  jiM 

•  •  •  >  •  • 

c:  k  c  c       c  c  c 

^ut^hiuCwiU^ut^C  u,^  w>  u     k.     wi  u  Wijj  ujj  ^        Wi      i^r  u  k*  u  Wijj  u 


>    WloA 


5        •HOA 

J       moA 
aSvitoA 


o  c*^ 
0.0.      * 
•VI H  pue 


I" 


e 


•I 

< 


e 


Poqww 


•3»S  l^d 


•apA3 


atrtid 


'   oo 


«» 
^ 


CI  •-• 
1     I 

I      I 


C     OSS 


bd 

-d 


to 


to  to 

m  • 

^  10 

«0 «       *-     'N.  «   '^^  WW  «0 


«>0    >0     ppr««r,  CciPi00»O"^0^ci 


0*"^»n«or^WOMOkOO^OOO^I^O 
<N  l^^<*5»OiOC  '^QPO  'tQVOpO  CI   -rtoci 

OO^^p-CO  Cv  o  ooc<>o-»-o 


O00\O^  ^  >^iO-firi^-  rod  "t"-  f^OO  O*  «^ 


o  o  o> 

**    ^«    1^  s» 


OC        o»oto»o»oio       too 


ro 


8  881^^8888888888888 

n   N   CI   N   CI   ***   C<^  Cl_  CI   •-.  '^.  **}  ^7  f^  <^'  CI  fO  CI 

ci  ^1  m'  cf  CI       H^  <*i*  CI  ci  cT  cT      cT  CI 


SSS  ^  °  "^vSvS  °v8v8v8v8v8v8  °>8  J^: 


f^  CI    CO 


coi->     •COfOC|ClCI<0    •ro«-" 


«o 


Aiia^nrj         ir,^   Jfjr^^         CI   n^  CI   '*l  lO  O   O  M  ir>  i-  •- 

^^  —^  ►_     C     t-i 


I   I 


uoiicindOf] 


[vdiDiun^ 

JO 

aivAiJa 


c  c 

5  o 
<:>  c 


8  88888888 88 8  as  8 

o  c  '>  '".  '^  "-^  w  o,  "t  X'  P.  '^-  9.^,  ^ 

w'  CI  •-<  ^'  "-"^  lo  »o  lo  o  cj  CO  »o  t-T  i-T  uS 

•^  ^    CI    ^ 


be 


// 


o 
2 


""  C  C    C    "* 

•  ^«       •J  •*"  •"■    3  '^  ••^  •""  ••"  •»"  ""N  '"^  »w«    3    ?3    5: 

W<      jj    U    Ujj    U    U    Wi    Im    Ui    U    Wi    UtZltZi    ^ 

04  SaiaiS(iiai(i4(i4qLipL4pL,puSS< 


I 


&2   2  a5  8??^«^^^^^^^^ 


417 

DISCUSSION 

Mr.  Preston  S.  Millar,  New  York  City :  I  want  to  express 
appreciation  of  this  work  which  Mr.  Campbell  has  been  doing 
with  Mr.  Cooper  for  the  past  two  years  in  making  these  data 
available.  I  would  also  like  to  ask  one  question.  In  computing 
this  loss  of  three  per  cent,  has  a  liberal  estimate  been  figured  in 
for  the  drop  during  different  hours  of  the  day? 

Mr.  Cooper:  We  thought  that  our  load  conditions  would 
approximate  the  average  load  during  the  day  in  general,  rather 
than  the  maximum  demand,  so  that  whatever  drop  we  found 
would  be  the  average  for  the  whole  day,  rather  than  for  the 
peak  load.  Under  those  conditions,  the  three  pfer  cent  loss  of 
current  sales  would  apply  to  the  average  annual  values  rather 
than  just  the  loss  of  the  peak  load. 

Mr.  H.  K.  Hansen,  St.  Louis:  I  notice  with  much  interest 
a  paragraph  regarding  architects.  We  have  great  trouble  in 
St.  Louis  from  the  same  cause,  and  I  would  like  to  find 
out,  if  possible,  how  other  cities  get  around  it.  In  a  great 
many  cases  we  find*  that  the  wiring  plans,  as  laid  out  by  the 
architects  do  not  specify  definitely  the  number  of  lamps  and  we 
have  difficulty  in  keeping  the  contractors  from  cutting  down  on 
the  number  by  afterwards  talking  with  the  prospective  builder  and 
putting  the  work  in  on  a  basis  that  was  not  originally  contem- 
plated. The  result  is  that  when  the  wiring  is  inspected  for 
carrying  capacity  it  is  not  inspected  from  the  plans,  and  when 
the  actual  installation  is  at  last  made,  there  are  more  lamps  on 
the  circuit  and  more  apparatus  than  they  can  take  care  of  with 
the  different  sizes  of  wire  that  have  been  installed,  while  gradu- 
ally they  take  on  other  apparatus  which  increase  the  load.  We 
have  had  a  hard  time  keeping  them  up  to  the  proper  size. 

The  Chairman  :  It  seems  to  me  that  is  a  question  you 
might  take  up  with  some  of  the  members  privately,  Mr.  Hansen. 

Mr.  Hansen  :  Perhaps  I  can.  I  thought  I  might  draw  out 
a  little  information. 

The  Chairman  :  Will  there  be  any  further  discussion,  gen- 
tlemen? W^e  will  close  the  session  by  listening  to  the  report  of 
the  Committee  on  Measurements  and  Values.  Dr.  A.  E.  Ken- 
nelly  is  not  here,  but  Dr.  Steinmetz  has  kindly  consented 
to  present  the  report  and  to  make  a  few  comments  on  it. 

11—14 


REPORT  OF  THE  COMMITTEE  ON 

MEASUREMENTS 

During  the  past  year,  considerable  progress  has  been  nude 
by  engineering  societies  towards  unifying  and  simplifying  the! 
standards,  units,  and  terminology  of  power.  At  the  present  tiae 
we  have  the  following  units  of  power  in  current 
literature : 

( 1 )  The  horse  power,  as  used  in  Great  Britain  and  Ameria 
(746  watts) 

(2)  The  horse  power,  as  used  on  the  continent  of  Europe 
(736  watts) 

(3)  The  poncelet  (981  watts) 

(4)  The  British  thermal  unit  per  hour  (0.2928  watt) 

(5)  The  kilogram  calorie  per  hour  (1.162  watt) 

(6)  The  boiler  horse  power  (9804  watts) 

(7)  The  watt,  with  its  decimal  multiples   the   hectowatt, 
kilowatt  and  myriawatt 

(8)  The   water   horse   power  of  3960  gallon-ft.-per-mk 
(746  watts) 

Nos.  (4),  (s)  and  (6)  are  used  in  conjunction  with  steam 
engineering. 

The  last  edition  of  the  Standardization  Rules  of  the  A.  L 
E.  E.  recommends  .**that  the  kilowatt,  instead  of  the  horse  power, 
be  used  generally  as  the  unit  of  power,"  (edition  of  August,  1911, 
Appendix  F) . 

The  Unofficial  Conference  of  the  International  Electro- 
technical  Commission  at  Brussels,  in  August,  1910,  recommended 
"that  both  electrical  and  mechanical  powers  be  expressed  in  inter- 
national watts"  (I.  E.  C.  Publication  No.  8,  pp.  48  and  49).  This 
recommendation  was  confirmed  at  the  official  meeting  of  the 
Commission  at  Turin,  in  September,  191 1  (I.  E.  C.  Publication 
No.  2,  pp.  80  and  81).  Similar  recommendations  appear  in  the 
reports  of  the  I.  K.  C.  special  committees  on  "Rating"  and  on 
*' Prime  Movers/'  held  in  January,  1913,  at  Zurich,  Switzerland 
(I.  K,  C.  Publications  Nos.  dO  and  ^i). 
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The  Bureau  of  Standards,  in  its  Circular  No.  34,  of  1912, 
also  recommends  that  the  kilowatt  be  used  instead  of  the  horse 
power. 

It  is  very  probable  that  the  term  "horse  power"  will  eventu- 
ally disappear  completely  from  engineering  literature.  It  is  a  crude 
makeshift  that  has  outlived  its  usefulness.  James  Watt  made 
measurements  on  the  power  developed  by  certain  selected  brewery 
horses  engaged  in  pumping  water.^  Having  ascertained  their 
effective  output  under  these  conditions,  he  purposely  and  admit- 
tedly added  50  per  cent,  for  friction  allowance  and  good  measure, 
thus  arriving  at  his  550  foot-pounds  per  second,  in  order  to  make 
sure  that  the  power  of  his  new  steam  engines,  stated  in  such 
"horse  power,"  should  be  beyond  dispute.  It  is  known,  more- 
over, that  the  power  which  any  animal  can  develop  varies  widely 
with  the  time  during  which  the  power  has  to  be  maintained.* 

On  December  13,  191 3,  a  joint  meeting  was  held,  in  New 
York  City,  of  Standards  Committees  from  the  American  Society 
of  Mechanical  Engineers  and  the  American  Institute  of  Electrical 
Engineers.  At  this  meeting  the  following  resolutions  were  unani- 
mously passed : 

Whereas,  the  "myrowatt"  or  "myriawatt"  was  suggested  by  Mr. 
H.  G.  Stott  as  a  convenient  unit  of  power  only  2  per  cent  larger  than  the 
most  recently  determined  values  of  the  "boiler  horse  power,"  and 

Whereas,  a  paper  setting  forth  the  advantages  of  the  use  of  the 
"myriawatt"  as  a  unit  of  po\yer  in  dealing  with  the  performances  of  steam 
boilers,  steam  engines,  gas  engines,  steam  and  water  turbines  was  read 
by  Messrs.  H.  G.  Stott  and  Haylett  O'Neill  before  the  annual  conven- 
tion in  Boston  of  the  American  Institute  of  Electrical  Engineers  in  June, 
1912,  was  discussed,  and  was  published  in  the  Proceedings  of  the  Insti- 
tute, and 

Whereas,  the  American  Society  of  Mechanical  Engineers  has 
appointed  a  special  committee  to  confer  with  the  Standards  Committee 
of  the  American  Institute  of  Electrical  Engineers  upon  this  unit,  as  pre- 
sented* in  the  said  paper,  be  it 

Resolved,  (i)  That  the  two  committees  in  joint  session  recommend 
to  their  respective  societies  the  use  of  the  "myriawatt"  as  a  unit  of  thermal 
or  mechanical  power,  as  indicated  in  the  above-mentioned  paper. 


(i)  Circular  of  the  Bureau  of  Standards  No.  34,  June,  1912,  "The 
Relation  of  the  Horse  Power  to  the  Kilowatt." 

(2)  "An  Approximate  Law  of  Fatigue  in  the  Speeds  of  Racing[ 
Animals,"  by  A.  E.  Kennelly.  Proc.  Am,  Acad,  of  4rt^  9n4  Sfi^W^^i 
Vol.  XLU,  No.  15.    Dec,  igo6. 
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(2)  That  the  two  committees  also  jointlj  recommaid  to  didr 
respective  societies  the  exclusive  use  of  the  ''nqrriawatt^  in  oonnectioa  witii 
boilers,  producers,  turbines  and  engines  and  discontinuance  of  the  ox 
of  the  term  'T)oiler  horse  power." 

(3)  That  Mr.  C.  O.  Mailloux,  as  representing  Mr.  H.  G.  Stott  oo 
the  special  committee  on  "Prime  Movers"  recently  appointed  by  the  Infeer- 
national  Electrotechnical  Commission,  which  committee  is  scheduled  to 
meet  at  Zurich,  Switzerland,  on  January  18,  1913,  shall  be  and  herein  is 
requested  to  bring  these  joint  resolutions  formally  to  the  notice  of  that 
body  in  Zurich. 

(4)  That  the  two  committees  jointly  recommend  that  in  wiitings 
and  publications  the  "myriawatt"  and  "myriawatt-hour"  be  abbreviated 
to  mw.  and  mw-hr.  in  conformity  with  the  existing  abbreviations  kw. 
and  kw-hr.  for  kilowatt  and  kilowatt-hour  respectively. 

The  governing  boards  of  the  two  engineering  societies  repre- 
sented in  joint  committee,  endorsed  and  published  the  above  reso- 
lutions. 

There  has  since  been  some  discussion  of  the  matter  indicating 
that  some  engineers  prefer  to  retain  the  older  thermal  power  units 
in  dealing  with  steam  boilers. 

The  myriawatt  is  not  in  itself  preferable  to  the  kilowatt  as  a 
unit  of  power;  but  it  is  a  self-explanatory  decimal  multiple  of  the 
watt.  Both  the  "Standard"  dictionary  and  Worcester's  dictionar) 
give  "ten  thousand"  as  one  of  the  meanings  of  the  word  "myriad." 
The  "myriameter,"  "myrialiter"  and  myriagram"  are  well  known, 
although  relatively  less  used,  units  in  the  metric  system. 

The  watt  is  primarily  a  dynamical  or  mechanical  unit  of 
power,  not  an  electrical  unit.  It  is  the  power  which  a  kilogram- 
mass  absorbs  if  accelerated  uniformly  i  meter  per  second  each 
second,  when  its  speed  is  just  i  meter  per  second ;  i.  e.,  at  the  end 
of  the  first  second  of  such  acceleration.  The  myriawatt  happens 
to  be  very  nearly  the  same  as  the  "boiler  horse  power" ;  so  that, 
by  the  use  of  the  term  in  place  of  boiler  horse  power,  a  unification 
and  simplification  of  steam-generator  units  is  effected.  There  is 
something  incongruous  in  making  measurements  of  the  power 
output  of  a  turbo-generator  in  one  unit,  and  of  the  power  input 
in  another  unit,  when  the  efficiency  or  ratio  of  the  two  is  desired. 
It  is  true  that  the  output  is  electric  and  the  input  thermal ;  but 
|)ower  is  power  whether  electric  or  thermal,  and  is  most  simply 
expressed   in   terms  of  one   and  the   same  unit.     Income  and 
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expenditure  might  just  as  logically  be  expressed  in  terms  of  marks 
and  dollars  respectively. 

An  effort  has  recently  been  made  in  Great  Britain  to  revive 
the  use  of  the  term  "kelvin"  for  a  "kilowatt-hour"  as  a  unit  of 
energy.  In  1892,  the  British  Board  of  Trade  officially  proposed 
this  use  of  Lord  Kelvin's  name  for  the  kilowatt-hour,  which  has 
generally  been  known  in  England  as  a  "Board  of  Trade  Unit.'* 
In  England  the  term  "kelvin"  has  been  very  little  used  for  this 
unit,  and  in  this  country  the  term  "kilowatt-hour"  has  always 
and  everywhere  been  used  commercially  for  this  unit.  In  view 
of  the  fact  that  it  would  be  extremely  difficult  to  displace  the  kilo- 
watt-hour in  America  for  the  non-self-explanatory  term  "kelvin." 
and  that  the  term  watt-hour  would,  in  any  case,  have  to  be 
retained  as  the  unit,  one  thousand  of  which  would  be  equal  to  one 
"kelvin,"  it  is  to  be  hoped  that  this  use  of  Lord  Kelvin's  name 
will  not  receive  endorsement  in  official  circles.  There  is  great 
need  of  his  name  in  relation  to  an  electrostatic  unit. 

Respectfully  submitted, 

A.  E.  Kennelly^  Chairman, 

Dr.  Charles  P.  Steinmetz:  The  report  first  repeats  the 
demand  for  a  standardization  of  the  units  of  power  made  last 
year,  and  draws  attention  to  the  variegated  collection  of  power 
units  which  we  have  now. 

Various  attempts  have  been  made  for  a  number  of  years 
to  make  power  measurements  more  systematic  by  introducing 
the  kilowatt  as  the  unit  of  power.  The  standardization  rules 
of  the  American  Engineering  Institute  have  tried  this  over  and 
over  again,  not  always  with  success,  because  the  buyer,  the  user, 
knows  horse  power,  or  believes  he  knows  it,  but  does  not  know 
kilowatts.  While  generators  have  universally  been  rated  in  kilo- 
watts, motors  are  still  largely  rated  in  horse  power  to  accom- 
modate the  customer,  so  that  he  knows,  or  believes  he  knows, 
what  he  gets.    (Laughter.) 

Then  when  the  International  Electrical  Commission  b^an 
the  work,  it  naturally  adopted  the  kilowatt  as  the  unit  of  power, 
electrical  as  well  as  mechanical.  I  might  incidentally  remark 
that  the  same  energy  measure  is  very  largely  used  to-day  in 
chemistry.    The  old  calorie  is  not  the  general  unit  of  chemical 
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energy  any  more,  it  is  the  kilowatt-second.  There  is  a  difference 
which  is  really  progressive. 

As  regards  the  term  horse  power,  Dr.  Kennelly  hopes  that 
it  will  eventually  disappear.  Well,  it  may,  in  the  future.  The 
term  horse  power  does  not  mean  the  power  which  a  horse  can 
deliver.  It  belongs  in  a  class  with  several  familiar  phrases  of 
which,  in  electric  lighting,  the  2000-c-p.  arc  light  is  one  (Laugh- 
ter.) 

An  attempt  to  introduce  the  metric  system  into  mechanical 
engineering  has  been  made  during  the  last  year  or  two  by 
combined  standardizing  committees  of  the  American  Society 
of  Mechanical  Engineers  and  the  American  Institute  of  Elec- 
trical Engineers,  and  a  number  of  resolutions  were  agreed  upon 
regarding  the  establishment  of  the  myriawatt  as  the  mechanical 
unit  in  place  of  the  term  horse  power.  This  was  agreed  upon 
by  the  committees  of  the  two  national  associations,  and  then 
referred  to  the  International  Electric  Commission.  I  may  remark 
that  I  do  not  find  in  this  report  a  recommendation  by  Dr.  Ken- 
nelly in  favor  of  the  adoption  of  the  myriawatt,  hence  I  do  not 
know  whether  he  favors  it  or  not.  In  general  there  is  a  good 
deal  to  be  said  in  favor  of  it,  because  it  brings  us  a  little  nearer 
to  a  more  consistent  system  of  units.  On  the  other  hand,  it  rather 
appears  as  if  they  introduced  such  a  make-shift  as  a  myriawatt 
merely  because  it  is  approximately  equal  to  a  boiler  horse  power.  It 
might  just  as  well  remain  a  kilowatt.  In  Chicago  and  other  places 
they  use  the  word  "megowatt."  At  the  stations  which  you  are  to 
visit  to-morrow  afternoon  I  believe,  the  rating  is,  or  should  be, 
not  in  kilowatts    but  in  megowatts — 200  megowatts  or  200,000 

« 

kilowatts.  When  we  speak  of  the  watt  we  must  realize  that  it  is 
not  inherently  an  electric  unit;  it  is  a  mechanical  unit  of  power. 
It  is  merely  the  metric  system,  which  has  been  adopted  and  is 
in  general  use  also  in  mechanical  engineering. 

In  Great  Britain  an  attempt  has  been  made  to  introduce  the 
term  "kelvin"  for  a  kilowatt-hour  in  honor  of  Lord  Kelvin. 
That  has  not  been  favored,  because  the  names  of  prominent 
scientists  and  engineers  are  used  for  the  absolute  units  of  meas- 
urement, as  ampere,  volt  and  watt.  Kilowatt-hour,  however,  is 
not  an  absolute  unit,  because  the  second  and  not  the  hour  is  the 
unit.  The  kilowatt-second  would  be  the  unit.  The  kilowatt- 
hour  is,  after  all,  something  like  the  railwayman's  measure  of 
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'acceleration  in  miles  per  hour  per  second.  While  for  conve- 
nience such  units  are  used  and  are  quite  legitimate,  it  is  not 
desirable  to  have  such  a  unit,  as  acceleration  in  miles  per  hour 
I>er  second. 

As  I  have  said,  I  do  not  see  any  particular  recommendation 
regarding  the  new  unit,  and  I  believe  most  of  you  will  probably 
agree  with  me  that  it  is  very  desirable  not  to  have  any  more  new 
units,  because  we  already  have  an  ample  supply.  It  is  better  also 
to  use  the  longer  expression,  to  speak  of  kilowatt-hours,  than 
it  is  to  learn  a  new  name,  and  to  have  to  begin  to  teach  every- 
body with  whom  we  come  in  contact  the  meaning  of  the  new 
name.     (Applause.) 

(Adjourned.) 


SECOND  THCHNICAL  SESSION 


Thursday  Morning,  June  5 


The  Chairman,  Mr.  \V.  C.  L.  Eglin  :  The  meeting  will 
please  come,  to  order.  The  first  business  this  morning  is  the 
Report  of  the  Committee  on  Prime  Movers,  Mr.  I.  E.  Moultrop, 
Chairman. 


REPORT  OF  THE  COMMITTEE  ON  PRIME 

MOVERS 

WATER  POWER 

(See  Report  on  Turbines,  Hydro-Electric  Sessions, 
pages  I  GO  to  130,  inclusive.)^ 

STEAM    POWER 

Your  Committee  is  pleased  to  record  some  interesting 
developments  with  the  steam  turbine  during  the  past  year,  as 
well  as  the  development  of  a  full  line  of  steam  turbine-driven 
auxiliaries. 

DEVELOPMENTS   IN   THE   STEAM    TURBINE   DURING   THE   PAST   YEAR 

The  Committee  has  received  statements  from  two  turbine 
manufacturers,  as  follows: — 

General  Electric  Company 

"During  the  past  year  or  more  the  development  of  Curtis 
turbines,  built  by  the  General  Electric  Co.,  has  been  in  the  direc- 
tion of  higher  speeds  and  a  larger  number  of  stages  than  were 
heretofore  employed,  with  the  object  of  securing  higher  efficiency. 
This  has  made  desirable  some  mechanical  changes.  The  vertical 
design  heretofore  generally  used  for  all  large  sizes  is  particularly 
well  adapted  to  the  speeds  of  720  and  750  rev.  per  min.  At 
these  speeds  the  machines  are  relatively  short,  with  reference 
to  their  diameter,  and  with  the  large  bucket  area  afforded  give 
large  limits  of  capacity  without  congestion  at  the  low-pressure 
end. 

"The  high-speed  turbine,  with  a  large  number  of  stages,  is 
not  adapted  to  a  vertical  construction,  and  machines  of  this  type 
are  being  built  with  horizontal  shafts. 

"The  available  speeds  for  large  horizontal-shaft  machines  are 
1200,  1500  and  1800  rev.  per  min.  Machines  of  20,000-kw.  capac- 
ity are  on  order,  and  will  be  put  into  commercial  service  in  a  few 
months.     Designs  of  larger  machines  have  been  completed. 

»The  Water  Power  portion  of  this  Report  was  presented  before  the  Hfdro-Rlectric 
Section  by  Mr.  J.  E.  Moultrop  for  J.  P.  Vaughan. 
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"In  the  arrangement  of  buckets  and  nozzles  the  present  prac- 
tise is  the  result  of  experience  acquired  in  building  turbines  d] 
the  impulse  type,  in  this  country  and  abroad,  and,  in  gcncnl,! 
consists  of  the  use  of  one  or  more  of  the  usual  Curtis  sta 
with  two  rows  of  buckets,  followed  in  some  cases  by  stages,  cad 
containing  a  single  Curtis  wheel,  with  one  row  of  buckets.  Tnr- 
bines  of  this  type  do  not  require  balance  pistons,  as  they  ait 
free  from  end  thrust.  Machines  of  this  design  have  been  cart 
fully  tested  and  show  remarkable  results,  superior,  in  fad,  to 
anything  heretofore  produced. 

"All  large  machines  are  equipped  with  removable  nozzks, 
and  in  most  cases  the  diaphragms  are  split  horizontally  to  pcmm 
ready  removal. 

"These  machines,  like  all  Curtis  turbines,  are  well  adapted 
to  take  advantage  of  the  best  steam  conditions  obtainable.  The 
design  permits  of  correct  expansion  of  steam  from  the  highest 
practical  pressures  to  the  best  possible  vacuum,  giving  the  great- 
est temperature  range.  In  the  matter  of  vacuum  particularly, 
the  low-pressure  buckets  afford  ample  area  for  large  volumes  of 
steam  without  congestion.  High  superheat,  i.  c,  150  to  200 
deg.  fahr.,  is  desirable  and  improves  the  efficiency. 

"In  the  matter  of  small  turbines,  both  in  connection  with 
generators  and  for  pumps  or  other  mechanical  drive,  considerable 
work  has  been  done.  The  efficiency,  of  course,  varies  with  the 
capacity-  and  speed.  Under  the  usual  non-condensing  conditions 
58  per  cent  of  available  energ}-  is  transformed  into  useful  work.'* 

W estinghousc  Machine  Company 

**The  Westinghouse  Machine  Co.  is  pleased  to  report  a 
particularly  active  year  in  the  turbine  field,  largely  the  result 
of  previous  development  work,  with  respect  to  size  and  applica- 
tion. This  is  particularly  true  of  large  turbines,  there  being 
at  the  present  time  on  order  or  under  construction  at  the  shops 
i^  units  of  10.000  kw..  or  greater  rating,  two  of  them  having 
a  continuous  capacity  of  20,000  kw.  Several  pending  negotia- 
tions involve  the  construction  of  units  of  even  greater  capacit}*, 
which  will  he  iIk  hiriic >i  yet  built.  Such  machines  will  be  of  the 
^ -called  cr*.-<-coiiijH.im.l  ty|>e.  consisting  of  two  separate  sec- 
ti.>ns.  as  far  as  the  steam  and  electrical  parts  of  the  unit  arc 
concerned.     For  6o-cvcle  service,  for  instance,  the  hi^-prcssufe 
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^section  would  have  a  capacity  of  about  i5»ooo  kw.,  and  operate 
^  at  1800  rev.  per  min.,  expanding  the  steam  from  throttle  con- 
*  ditions  to  about  atmospheric  pressure  or  slightly  greater  at  rating. 
^  The  low-pressure  section,  receiving  exhaust  from  the  high  pres- 
^   sure  after  the  moisture  due  to  expansion  is  removed,  would  nor- 
^    mally  carry  the  remaining   15,000  kilowatts,  operating  at  720 
or  900  rev.  per  min.     Both  sections  of  the  unit  will  be  imder 
the  control  of  the  governor  and  admission  valves  of  the  high- 
pressure  portion.     Such  control  results  in  a  variable  back  pres- 
sure on  the  high-pressure  section,  an  arrangement  giving  the 
best  efficiency  on  varying  loads,  as  well  as  at  rating. 

"The  high-pressure  section  will  be  built  as  a  single-flow 
reaction  turbine  of  particularly  good  blade  proportions.  The 
low-pressure  section  will  also  be  of  the  straight  reaction  type, 
arranged  double-flow  in  order  to  take  care  of  the  great  volumes 
of  steam.  By  the  use  of  such  a  design,  very  low  cost  per  unit  of 
capacity  will  be  retained,  and  the  thermal  efficiency  of  the  unit, 
based  on  the  output  at  the  generator  terminals,  will  be  con- 
siderably higher  than  is  realized  in  any  other  arrangement. 

"The  general  broadening  of  the  turbine  field,  with  respect 
to  type  noted  above,  is  particularly  apparent  at  the  present  time. 
During  the  past  year,  for  instance,  a  bleeder  turbine,  of  4000-kw. 
capacity,  has  been  successfully  constructed  and  tested.  Non-con- 
densing machines  continue  to  grow  in  favor,  and  justly  so.  Tests 
conducted  at  our  works  during  the  past  year  on  machines  of 
looo-kw.  capacity,  show  a  Rankine  cycle  efficiency  on  the  brake 
horse  power  basis  of  approximately  75  per  cent.  An  interesting 
installation  recently  completed  involves  two  non-condensing  tur- 
bines of  3750-kw.  capacity,  each  connected  through  Westing- 
house  reduction  gears  to  2So-volt,  direct-current  generators,  the 
largest  yet  built.  The  operation  of  these  large  geared  machines 
is  highly  satisfactory  in  every  respect.  When  both  are  in  opera- 
tion, the  resulting  noise  is  considerably  less  than  that  made  by 
a  single  500-kw.  alternating-current  unit,  an  indication  of  the 
small  losses  occurring  in  the  gearing.  Geared  units  of  smaller 
size,  of  which  several  have  been  in  constant  service  for  over  two 
years,  coAtinue  to  give  the  original  excellent  results. 

"The  small  turbine,  by  which  is  generally  understood  exciter 
sets  and  power  turbines,  is  being  adopted  as  rapidly  as  the  appa- 
ratus which  it  drives  is  developed  and  standardized,  power-house 
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auxiliaries,  such  as  boiler- feed  pumps,  blowers,  etc.,  offering  i 
wide  field  for  its  use.  It  would  seem  correct  to  say  that  far 
boiler-feed  service  in  plants  above  1500  boiler  hp.,  centrifogil 
multi-stage  pumps,  turbine-driven,  are  the  present  standard." 

Turbines  for  Station  Auxiliary  Purposes 

Beginning  a  number  of  years  ago,  the  small  direct-connected 
steam  turbine  took  its  place  in  the  station  for  driving  exciters; 
later,  for  driving  centrifugal  boiler  feed  pumps  and  hot-wd 
pumps;  and  now,  for  driving  blowers.  Because  of  their  com- 
pactness, general  reliability,  and  the  availability  of  the  exhaust 
for  feed-water  heating,  these  direct-connected  units  bid  fair  tc 
supersede  all  other  means  for  driving  station  auxiliaries. 

An  impression  prevails  that  these  small  steam  turbines  are 
not  as  economical  as  high  pressure  engines  of  the  same  capacity. 
In  order  to  present  a  comparison  of  the  efficiencies  of  such  tur- 
bine units,  as  compared  with  steam  engines  of  corresponding  size, 
the  Committee  has  obtained  information  from  various  turbine  and 
engine  manufacturers  on  this  point  and  presents  it  herewith  in 
the  three  sets  of  curves  which  follow.     (Figs,  i,  2  and  3.) 

It  is  a  matter  of  satisfaction  to  know  that,  while  the  tur- 
bines in  larger  sizes  are  produced  by  a  few  of  the  larger  manu- 
facturing companies  only,  turbines  in  the  smaller  sizes  are  being 
developed  and  put  on  the  market  by  a  number  of  other  com- 
panies, for  use  in  driving  station  auxiliaries  and  for  similar  pur- 
poses. 

The  Ferranti  High  Superheat  Steam  Turbine 

Your  Committee  feels  that  it  would  have  made  a  regret- 
able  omission  did  it  fail  to  mention  the  significant  experiment 
of  Dr.  S.  Z.  de  Ferranti,  the  well-known  pioneer  in  the  various 
branches  of  the  electric-lighting  industry.  His  ingenuity  in  the 
practical  solution  of  certain  phases  of  high-tension  work  proved 
of  exceeding  value  to  the  profession.  Likewise,  his  turbine 
cxpcriir.ents  of  recent  years  bid  fair  to  contribute  another  impor- 
tant achievement,  and  his  success  in  his  last  endeavor  has  been 
marked  cnonij:!!  to  l)e  entirely  worthy  of  being  directed  to  your 
attention.  Dr.  Ferranti  has  been  working  upon  a  turbine 
of  more  than  laboratory  proportions,  having  already  con- 
structed and  operated  a  machine  of  5000-hp.  capacity. 
The    fundamental    principle    is    to    maintain    the    steam    in   a 
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perfectly  gaseous  state  in  its  travel  through  the  tuitbt  I 
The  steam  is  initially  superheated,  and  while  it  is  still  supo-  [ 
heated  it  is  re-superheated  before  it  does  work  in  the  secori  | 
stage.  Although  the  steam  is  exhausted  from  the  turbine  io  i 
superheated  condition,  the  excess  heat  is  reclaimed  by  a  nfot  I 
erator,  situated  ahead  of  the  condenser.  In  its  general  constnK-  [ 
tion  it  follows  the  reaction  type,  but  it  is  claimed  many  in< 
ical  innovations  have  been  made  which  will  aid  not  only  in  I 
insuring  the  operating  integrity,  but  will  additionally  conduce  to  | 


Fig.  3 — Reciprocating   Encike^Steau    CoHSUHPnoN    pek    Kw-hs.  nt 
NoN -Con  DEN  SING  REapBOCAiiNG  Engine  Driven  Unfts  of  Vabiods 

Sues,  Running  at  Various  Loads.    Steam 
Pressure,  150  lb. 

Gauge 

—  SiuPLE  Engine 

--  —  Compound  Engine 

high  thermal  efficiencies.  It  is  reported  that  the  results  of  many 
tests  show  that  it  will  take  less  than  6  lb.  of  steam  per  steam- 
brake  horse  power,  and  that  with  a  boiler  plant  efficiency  of  85 
per  cent,  as  in  case  of  oil  burning,  the  system  will  have  a  thermal 
efficiency  of  24  per  cent  under  its  designed  conditions.  Dr.  Fer- 
ranti  made  public  these  remarkable  developments  in  delivering 
the  James  Watt  Anniversary  lecture  at  Greenock,  Scotland,  Janu- 
ary 16,  1913- 
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Lotu-Pressure  Steam  Turbines 

Where  low-pressure  steam  turbines  have  been  used  in  con- 
nection with  steam  cnj^ines  a  very  positive  savmg  has  been 
effected.  Quite  a  number  of  these  units  have  been  installed  and 
have  given  satisfactory  results.  The  discontinuance  of  the  instal- 
lation of  reciprocating  engine  units  in  large  power  stations  has 
caused  the  low-pressure  turbine  to  become  of  minor  importance, 
and  manufacturers  predict  that  in  a  short  time  the  demand  for 
this  kind  of  apparatus  will  entirely  cease.  There  is,  therefore, 
but  little  demand  for  low-pressure  steam  turbines  to-day  for 
central-station  service. 

An  example  of  what  is  being  done  to-day  is  to  be  found 
in  the  Christian  Street  Station  of  the  Philadelphia  Electric  Co., 
where  a  sooo-kw.  engine  with  fly-wheel  generator  is  being  dis- 
mantled and  scrapped  to  make  room  for  the  installation  of  two 
15,000-kw.  turbines.  Practically  the  only  use  to-day  for  low- 
pressure  and  mixed-pressure  turbines  is  to  be  found  in  steel 
mills  and  such  manufacturing  plants. 

High-efKciency  Self -contained  Steam  Units 

The  Committee's  report  last  year,  in  discussing  engines  of 
this  type,  such  as  Stumpf,  Wolf,  Lenz,  Locomobile  and  Memming, 
referred  to  the  apparent  success  which  they  were  meeting 
abroad,  but  stated  that  they  did  not  appear  to  be  adapted  to 
American  conditions.  Further  investigation  apparently  confirms 
this  conclusion. 

Three  manufacturers  have  arranged  to  construct  or 
import  these  engines.  One  manufacturer  states  that  he  had 
arranged  to  import  a  certain  make  of  this  apparatus,  but  found 
that  it  would  not  be  profitable  to  do  so.  Another  manufacturer 
writes:  "Some  years  ago  we  spent  considerable  time  and  money 
investigating  this  engine,  but,  in  our  judgment,  the  field  is  very 
limited  and  not  suitable  for  American  commissions.  While  the 
economy  of  this  engine  approaches  that  of  the  cross-compound 
engine,  the  expense  of  building  it  is  practically  the  same -as  a 
compound  unit,  as  you  have  in  effect  the  low-pressure  side  of  a 
compound  engine,  operating  under  full  boiler  pressure,  and  with 
very  short  cut-ofT.  Furthermore,  the  reciprocating  parts,  espe- 
cially the  piston,  are  very  heavy,  and,  of  course,  the  turning 
moment  is  not  as  good  as  that  of  the  cross-compound  machine." 
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Another  manufacturer,  who  has  acquired  the  right  to  maxm- 
facture  a  certain  type  of  engine  of  this  kind,  writes :  "Wc  have 
brought  this  engine  to  the  United  States  because  we  are  fuUv 
convinced  that  it  is  the  most  economical  prime  mover  on  the 
market.  Having  the  exclusive  rights  in  this  country,  we  are  in 
position  to  sell  to  our  customers  a  steam  engine  of  the  highest 
order,  at  the  same  time  enabling  them  to  produce  a  horse  power 
at  the  lowest  fuel  expense  to  them." 

Condenser  Design 

The  advent  of  the  steam  turbine  has  increased  the  impor- 
tance of  high  condenser  vacuum  to  a  degree  far  beyond  that 
which  existed  when  piston  engines  only  were  to  be  considered, 
and  while  this  fact  is  generally  appreciated  by  condenser  manu- 
facturers, some  have  been  slow  to  realize  that  a  material  change 
in  design  is  required  to  properly  meet  the  new  conditions. 

Condensers  are  sometimes  built  following  the  design  of  a 
water-lube  boiler,  the  designer  apparently  being  under  the 
impression  that  the  greater  number  of  times  the  steam  in  its 
passage  •  through  the  condenser  might  be  brought  into  contact 
with  the  tubes  the  greater  would  be  the  amount  of  heat  extracted. 
This  idea  naturally  leads  to  a  design  having  a  long  steam  pass- 
age, thickly  studded  with  tubes  and  interrupted  with  baffles, 
through  which  passage  the  steam  is  forced  at  a  very  high  velocity. 
This  can  be  done  only  by  a  very  considerable  difference  in  pressure 
at  the  two  ends  of  the  passage,  with,  of  course,  the  higher  pressure 
next  to  the  last  stage  bucket;  and  it  is  the  pressure  at  this  end 
of  the  steam  passage  which  determines  the  eflSciency  of  the  unit, 
regardless  of  what  the  pressure  may  be  at  the  other  end  of  the 
steam  passage. 

When  designers  realize  that  exhaust  steam  has  not  the  same 
characteristics  as  flue  gas,  and  that  a  condenser  should  be  designed 
to  get  the  steam  to  and  not  through  the  cooling  surface,  we 
will  have  condenser  tubes  located  far  enough  from  the  last  row 
of  buckets  to  permit  the  steam  to  free  itself  from  the  last  row 
of  blades  without  creating  a  decided  back  pressure  at  that  point. 
Passages  of  such  ample  cross  section  will  be  provided  that  the 
steam  will  have  immediate  and  free  access  to  all  portions  of  the 
cooling  surface  at  moderate  velocities  and  without  following  a 
tortuous  and  constricted  path  around  baffles  and  between  tubes; 
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throughout  the  condenser  dead  pockets  will  be  avoided  and  the 
entrained  air  will  be  swept  constantly  toward  the  dry  air  suc- 
tion, while  the  condensation  will  fall  to  the  bottom  of  the  con- 
denser without  undue  refrigeration  and  in  the  same  direction  as 
the  general  flow  of  steam. 

A  lighting  company,  handicapped  with  high-priced  fuel, 
might  consider  itself  warranted  in  replacing  its  turbines  with 
units  of  an  improved  design,  having  a  ten  per  cent  better  economy, 
and  yet  it  is  easily  possible  that  the  design  of  the  condenser 
might  make  more  than  half  this  amount  of  difference  in  the 
performance  of  the  unit. 

One  member  company  reports  that  its  condenser  pressure 
under  the  last  stage  wheel  was  reduced  from  1.4  in.  to  0.8  in. 
by  simply  removing  baffles  and  opening  steam  passages  among 
the  tubes;  and  a  manufacturer  states  that  it  is  now  possible  to 
design  condensers  in  which  the  difference  in  pressure  between 
inlet  and  outlet  will  not  exceed  J4  i^- 

When  the  owner  realizes  that  his  coal  bill  varies  somewhere 
between  5  and  8  per  cent  with  each  inch  of  difference  in  vacuum 
he  will  no  longer  tolerate  a  vacuum  between  one  and  two  inches 
lower  than  should  be  easily  attainable  with  a  given  temperature 
of  cooling  water. 

INFORMATION    RECEIVED    FROM    MEMBER    COMPANIES 

For  the  purpose  of  obtaining  information  on  certain  specific 
questions  and  for  bringing  out  other  information  of  general  inter- 
est, a  circular  letter  was  sent  out  to  about  25  of  the  more  prom- 
inent member  companies  bearing  on  the  following  general  sub- 
jects : 

1  New  Methods  and  Devices 

2  Flow  Meters  and  Forced  Draft 

3  Feed-Water  Heaters  and  Feed-Water  Heating 

4  Deterioration  of  Steel  Stacks 

5  Trouble  with  Turbine  Blades 

Answers  to  these  questions  were  received  from  14  companies, 
and  from  these  answers  the  following  is  abstracted: — 

New  Methods  and  Devices 

One  large  company  is  installing  a  permanent  set  of  scales, 
weighing  tanks  and  pumps,  so  connected  to  the  feed-water  piping 
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that  it  will  be  immediately  available  for  testing  any  one  of  tk 
several  units  in  the  power  house.  The  org^anization  of  the  boikr- 
rooni  force  has  been  so  altered  that  the  Fuel  Engineer  reportsto 
the  Chief  Engineer,  instead  of  to  the  Boiler-room  Engineer, 
the  theory  being  that  this  will  render  the  Fuel  Engineer  more 
independent  in  his  recommendations  and  criticisms  and  will 
enable  the  Chief  Engineer  to  better  direct  the  operation  of  the 
boiler  room. 

Another  company  has  perfected  a  very  ingenious  device  for 
removing  the  fine  coal  siftings  from  the  pit  under  the  grate.  \ 
McClave  steam  blower  has  been  so  piped  up  that  it  draws  air  from 
a  sump  in  the  fine  coal  pit  and  discharges  into  the  furnace  above 
the  grate.  When  it  is  desired  to  clean  out  the  fine  coal  pit  flic 
coal  is  scraped  into  the  sump,  the  blower  turned  on,  and  the 
fine  coal  is  immediately  blown  into  the  furnace,  where  the  greater 
part  of  it  burns  before  falling  to  the  grate. 

Flow  Meters  and  Forced  Draft 

Of  the  14  companies  responding,  8  are  using  steam-flow 
meters.  Four  companies  give  them  unqualified  endorsement  as 
improving  the  work  of  the  firemen.  One  engineer  finds  the  flow 
meter  of  value  when  used  in  connection  with  a  damper  indicator, 
as  it  thereby  enables  the  fireman  to  maintain  an  adjustment 
between  rate  of  steaming  and  admission  of  air.  One  engineer 
finds  the  flow  meter  of  some  little  value,  but  says  this  would  be 
greatly  increased  if  the  meter  were  provided  with  a  recording 
attachment  which  the  engineer  could  inspect  at  the  end  of  the 
watch  to  enable  him  to  correctly  gauge  the  efficiency  of  a  fire- 
man's work.  Two  other  engineers  have  used  the  flow  meter, 
but  do  not  find  it  of  any  value. 

Of  the  12  companies  responding,  4  use  forced-draft  equip- 
ment. One  company  uses  forced  draft  on  peak  of  load  only; 
the  others  use  it  constantly.  The  ash  pit  pressure  is  limited  by 
the  amount  necessary  to  reach  a  balanced  pressure  above  the 
grate,  which  ranges  from  1.15  in.  with  one  company  to  4  in. 
with  another  company.  The  pressures  commonly  used  are  from 
J^  in.  to  2  in.  The  capacity  attained  with  forced  draft  is  from 
200  to  300  per  dent  of  normal  rating. 

Feed-Water  Heaters  and  Feed-Water  Heating 

Of  12  companies  responding  9  use  open  heaters  and  2  use 
closed  heaters,  while  one  is  now  changing  from  closed  to  open 
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heaters.     In  8  power  houses  the  auxiliaries  produce  sufficient 
steam  for  heating  the  feed  water. 

One  company  supplements  its  exhaust  steam  with  steam 
drawn  directly  from  the  boilers,  and  two  companies  draw  steam 
from  the  turbine. 

Deterioration  of  Steel  Stacks 

Of  II  companies  using  steel  stacks  3  have  noticed  no  deteri- 
oration. With  one  of  these  companies  the  stacks  are  lined, 
with  another  company  unlined,  and  the  third  did  not  say  whether 
the  stacks  are  lined  or  not.  All  the  other  companies  report  serious 
corrosion  of  the  steel.  They  all  have  unlined  stacks  except  one 
company,  which  in  lining  the  stack  had  left  an  air  space  between 
the  brick  and  the  metal,  and  in  this  case  the  corrosion  was  so 
serious  in  a  short  time  that  the  lining  was  taken  out,  the  metal 
scraped,  and  the  lining  rebuilt  with  grouting  between  the  brick 
and  the  steel. 

All  of  the  unlined  stacks  reported  on  are  apparently  corrod- 
ing very  seriously,  and  almost  entirely  on  the  inside,  the  corrosion 
appearing  to  be  worse  on  the  upper  rings.  This  is  attributed  to 
the  moisture  in  the  flue  gases,  which  is  condensed  against  the 
cold  metal  of  the  stack  and,  carrying  with  it  a  trace  of  sulphurous 
acid  from  the  fuel,  attacks  the  metal.  As  a  stack  is  never  scraped 
or  painted  on  the  inside,  regardless  of  the  amount  of  care  which 
may  be  bestowed  upon  it  on  the  outside,  the  corrosion  goes  on 
rapidly  and  uninterrupted,  and  stacks  which  are  well  cared  for 
and  frequently  painted  on  the  outside,  presenting  a  good  external 
appearance,  are  in  a  few  years  found  to  be  in  a  dangerous  condi- 
tion, due  to  internal  corrosion. 

A  simple  and  effective  remedy  for  this  condition  is  to  line 
the  stacks  from  bottom  to  top,  taking  care  that  the  job  is 
thoroughly  grouted  as  it  goes  up,  so  that  every  part  of  the  metal 
will  be  protected  with  cement.  Stacks  of  this  construction  at 
the  Harrison  Street  Station  of  the  Commonwealth  Edison  Co. 
have  been  standing  for  20  years,  much  of  the  time  out  of  service. 
They  have  been  painted  every  2  years  and  are  now  apparently  in 
as  good  condition  as  when  first  built. 

Trouble  with  Turbine  Blades 

Of  13  companies  responding  5  have  had  no  trouble  with 
turbine  blades  or  nozzles.    Three  companies  report  the  breaking 
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of  diaphragm  nozzles  due  to  their  having  been  cast  in  solid  widi 
the  diaphragm.  The  trouble  was  remedied  by  replacing  dia- 
phragms of  such  construction  with  those  having  the  Uades 
grouped  in  detachable  segments,  which  were  bolted  to  the  di»- 
phragm.* 

Two  companies  had  broken  blades  caused  by  insuffideot 
clearance.  One  company  lost  blades  due  to  some  troobk 
with  the  shaft,  and  one  company  reported  that  its  blades  wot 
clogged  with  a  deposit  of  mud  and  scale,  which  was  finally  re- 
moved with  a  solution  of  soda  ash,  without  dismantling  the 
machine. 

AIR  SUPPLY   FOR   BOILER   HOUSES  IN    COLD    WEATHER 

Most  boiler  houses  are  not  provided  with  ample  passages 
for  the  admission  of  air  directly  under  the  grates,  but  depend 
upon  air  being  admitted  to  the  boiler  room  through  doors,  win- 
dows or  ventilators.  In  the  summer  time  these  are  all  open  to 
keep  the  temperature  of  the  room  comfortable  for  the  firemen ;  for 
the  same  reason  they  are  closed  during  cold  weather,  although 
as  a  general  rule  in  a  lighting  plant  the  consumption  of  fuel  and 
correspondingly  the  demand  for  air  for  the  furnaces  is  greater 
during  cold  weather  than  in  warm  weather;  and  if  the  fires 
depend  upon  natural  draft  for  the  air  supply  the  closing  of  all 
openings  into  the  boiler  room  has  a  noticeable  effect  upon  the 
rate  at  which  the  fuel  can  be  burned. 

The  suction  of  the  chimneys  greates  a  steady  demand  for 
air,  and  when  the  natural  openings  to  the  boiler  rooai  are  dosed 
this  demand  can  be  met  only  by  a  difference  in  pressure  between 
tlie  inside  and  outside  air  sufficient  to  force  the  required  amount 
of  air  through  such  oi>enings  as  the  firemen  may  overlook  or  be 
unable  to  close.  Indeed,  it  is  a  universal  experience  on  opening  an 
outside  door  of  a  large  boiler  room  in  cold  weather  to  encounter 
an  inward  rush  of  air  which  prompts  the  visitor  to  grab  his  hat 
to  prevent  its  being  blown  off. 

Tests  made  during  cold  weather  in  three  large  boiler  houses 
which  were  provided  with  special  openings  for  the  admission 
of  air  and  which  were  not  closed  at  the  time  of  the  tests  showed 
a  difference  in  pressure  between  inside  and  outside  air  of  0.07, 
o.i,  and  0.16  in.  of  water,  respectively.     The  effect  of  this  loss 

♦See  discussion  at  end  of  Report. 
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of  pressure  on  the  fire  was,  of  course,  the  same  as  would  be 
caused  by  partially  closing  the  ash  pit  doors  or  partially  closing 
the  damper. 

If  such  a  difference  is  found  in  boiler  houses  which  are 
provided  with  what  are  supposed  to  be  reasonably  adequate  air 
passages,  which  are  left  open,  how  much  greater  must  the  effect 
be  in  boiler  houses  which  have  no  specially  provided  openings  for 
the  admission  of  air.  To  illustrate  this,  let  us  assume  a  boiler 
room  containing  twenty  500-hp.  boilers,  under  each  of  which 
during  the  peak  of  the  load  3000  lb.  of  coal  are  being  burned  an 
hour,  or  1000  lb.  a  minute  for  the  entire  plant.  Each  pound  of 
coal  will  require  say  250  cu.  ft.  of  air.  At  this  rate  250,000  cu.  ft. 
of  air  per  minute,  or  about  4000  cu.  ft.  per  second,  must  find  its 
way  into  the  boiler  room,  and  the  smaller  the  area  of  the  openings 
through  which  this  air  is  forced  to  enter  the  higher  will  be  its 
velocity,  and  this  high  velocity  can  only  be  attained  at  the  expense 
of  the  draft  through  the  grate  and  the  boiler.  In  view  of  this 
condition,  the  desirability  of  ample  air  passages,  admitting  air 
preferably  directly  under  the  grate,  is  apparent. 

If  in  the  example  given  this  air  were  obliged  to  enter  the 
boiler  room  through  a  doorway  7  ft.  wide  and  7  ft.  high  its  veloc- 
ity would  be  80  ft.  per  second  or  55  miles  an  hour,  which,  if  en- 
countered in  a  gale  of  wind  off  Cape  Hatteras,  would  be  called  a 
hurricane. 

Balanced  Draft 

The  principle  upon  which  the  system  of  boiler  regulation 
known  as  balanced  draft  is  based  consists  in  such  regulation  of 
the  air  supply  to  a  boiler  and  the  exhaust  of  the  gases  from  the 
boiler  that  a  substantially  uniform  or  atmospheric  pressure  is 
maintained  in  the  furnace  for  all  rates  of  combustion.  This  is 
usually  accomplished  by  causing  the  steam  pressure  to  automati- 
cally control  the  supply  of  air  to  the  grate,  causing  this  to  increase 
or  decrease  according  as  there  is  necessity  for  a  change  in 
capacity  of  the  boiler.  It  is  claimed  for  this  system  that  it  in- 
creases the  capacity  and  efficiency  of  both  boiler  and  furnace  and 
permits  the  use  of  cheaper  fuels. 

Other  advantages  claimed  for  this  apparatus  by  the  manu- 
facturer are  increased  life  of  boiler  setting  and  reduction  in 
maintenance  and  repair  expenditures,  due  to  the  elimination  of 
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strains  caused  by  unequal  expansion  and  contraction  and  the 
disintegration  of  furnace  linings  which  follows  as  a  consequenot 
Your  Committee  has  not  been  able  to  verify  these  statements, 
but  believes  that  the  device  is  worthy  of  consideration,  especially 
where  forced  draft  is  used. 

Feed-water  Regulators 

In  the  report  of  the  Prime  Movers  Committee  for  the  year 
1912  the  following  statement  appeared  under  this  heading: 

"The  advent  of  the  flow  meter  brings  to  light  the  fact  that 
the  greatest  variations  in  the  amount  of  work  which  a  boiler  does 
are  caused  by  varying  the  supply  of  feed  water,  and  to  eliminate 
the  fluctuations  due  to  this  cause  so  that  the  flow-meter  indications 
will  refer  solely  to  the  manipulation  of  the  fire  the  feed-water 
regulator  at  once  suggests  itself.  An  inquiry,  however,  into  the 
various  makes  of  regulators  now  on  the  market  shows  that  their 
action  is  intermittent,  and  the  boiler  is  either  taking  water  in 
considerable  quantities  or  the  feed  valve  is  entirely  closed,  the 
result  being  rapid  changes  through  a  wide  range  in  the  rate  of 
steaming  as  shown  by  the  flow  meter. 

"This  condition  suggests  the  desirability  of  a  feed-water  sys- 
tem supplied  by  a  centrifugal  pump  and  regulated  at  each  boiler 
by  an  automatically  controlled  valve  capable  of  differential  varia- 
tion according  to  height  of  water  and  rate  of  steaming." 

Your  Committee  is  pleased  to  state  that  differential  regula- 
tion of  feed-water  supply,  referred  to  in  last  year's  report  as 
being  particularly  desirable,  is  now  obtainable  in  regulators  of 
several  makes.    Great  care  should  be  taken,  however,  in  connect- 
ing up  these  regulators,  for  the  reason  that  when  the  water  con- 
nection to  the  automatic  feed-water  regulator  is  connected  to  the 
lower  part  of  the  steam  drum    the  fluctuations  in  horse  power, 
as  shown  on  the  acompanying  curve  (Fig.  4),  amount  to  from 
300  to  400  hp.     The  other  curve    (Fig.   5)    shows  the  results    , 
which  are  obtained  after  determining  and  eliminating  the  cause 
of  this   fluctuation.      This   is   accomplished   by   connecting  the 
water  end  of  the  thermostat  to  the  lower  part  of  the  main  tube 
header,  rather  than  to  the  lower  part  of  the  steam  drum.    This 
tends  to  eliminate  the  fluctuations,  which  are  evidently  due  to  th^ 
surges  taking  place  at  the  surface  of  the  water. 

With  the  regulator  connected  up  in  this  manner  there  ^* 
])ractically  a  steady  output  of  steam  under  constant  conditions  CF 
firing.    The  meter  is  then  of  great  value  in  assisting  the  fircma^'^ 
to  the  most  economical  boiler  operation,  any  change  whatever  i^ 
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the  condition  of  the  fire  under  the  boiler  being  immediately  indi- 
cated upon  the  dial  of  the  flow  meter.  The  fireman  is  thus 
enabled,  by  careful  observation,  to  maintain  his  fires  in  a  steady 
and  hence  most  economical  condition. 

FLOW    METERS    FOR    MEASURING    THE    STEAM    CONSUMPTION    OF 

TURBINE  UNITS 

The  General  Electric  Co.  TS-2  steam  flow  meter  has  proved 
to  be  a  very  satisfactory  instrument  for  indicating  steam  con- 
sumptions on  turbine  units.  The  instrument  is  extremely  sen- 
sitive and  well  within  the  limits  of  accuracy  claimed  for  it  by  the 
makers.  It  is  possible  with  it  to  detect  faults  in  the  blading  of  the 
turbines  and  other  conditions  which  tend  to  reduce  the  efficiency 
of  operation,  less  than  two  hours'  time  being  required  to  obtain 
this  information. 

ACCURACY   AND   VALUE  OF   CO,   APPARATUS   FOR   DETERMINING 

FLUE  GAS  COMPOSITION 

There  are  a  number  of  makes  of  CXDj  recording  instruments 
and  indicating  instruments  on  the  market  which  determine  with 
reasonable  accuracy  the  composition  of  the  samples  of  gas  with 
which  they  are  supplied,  but  whose  value  for  testing  and  operat- 
ing purposes  depends  largely  upon  the  care  and  judgment  exer- 
cised in  selecting  the  gas  samples.  Few  who  have  not  made 
a  study  of  the  conditions  realize  the  great  variation  in  the  com- 
position of  the  diflferent  strata  of  gases  in  their  passage  through 
the  boiler,  and  the  indiscriminate  sampling  of  such  gases  is  almost 
sure  to  lead  to  erroneous  conclusions. 

A  graphical  illustration  of  such  variation  in  gas  composition 
is  given  in  Fig.  6,  which  represents  a  vertical  section  through 
the  last  pass  of  a  water  tube  boiler,  taken  45  in.  in  front  of  the 
rear  water  leg.  On  this  section  are  drawn  contour  lines,  showing 
in  outline  the  zones  occupied  by  gases  containing  CO,  in  dif- 
ferent proportions.  An  inspection  of  this  shows  that  from  the 
third  pass  of  this  boiler  could  be  drawn  samples  of  gas,  varying 
all  the  way  from  5  to  14  per  cent  COj.  It,  is  there- 
fore, obvious  that  any  reports  based  upon  analyses  of  gas  sam- 
ples drawn  indiscriminately  from  such  a  boiler  would  be  mis- 
leading. 
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One  of  the  precautions  to  be  observed  in  the  installation 
of  CO.  instruments  is  in  regard  to  the  position  at  which  tht 
gas  sample  is  taken  in  the  flue.  The  sample  should  be  taken  a 
nearly  as  possible  at  the  point  where  the  gases  leave  the  heating 
surfaces,  and  in  all  cases  near  the  center  of  the  moving  gas  cur- 
rents.    Samples  taken  at  other  points  in  the  setting  will  varj-  all 
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Pass  of  si8-hp.  Boiler  (Vertical  Pass) 

Readings  Taken  in  Plane  24  in,  from  Inside  of  Rear  Header 

Lines  Represent  Percentages  of  Carbon   Dioxide 

the  way  from  4  per  cent  up,  as  indicated  in  the  accompanying 
curves. 

Precaution  should  also  be  taken  for  preventing  the  accu- 
mulation of  soot  and  fly  ash  in  the  sampling  tube.  One  com- 
pany reports  an  arrangement  by  which  the  sampling  tubes  are 
blown  out  each  day  by  means  of  a  steam  jet. 

In  answers  to  questions  which  have  been  asked  of  several 
large  power  companies  in  regard  to  their  experience  with  CO, 
instruments   the  following  facts  have  been  brought  out : 

I  Two  companies  state  very  definitely  that  the  recording 
instruments  which  theyuse  are  too  delicate  and  require 
loo  much  adjusting,  cleaning,  etc.,  to  make  them  of  espe- 
cial value  to  the  station  engineer. 
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2  In  the  case  of  one  company  using  recorders  it  has  not 
been  possible  to  make  the  apparent  saving  or  loss  of  fuel 
(as  indicated  by  the  recorder  and  given  in  its  table)  agree 
with  the  figures  obtained  on  evaporative  tests. 

3  One  company  reports  that  with  the  use  of  these  instru- 
ments they  have  been  able  to  increase  the  percentage  of 
CO2  in  their  furnaces,  but  that  this  increase  could  not  be 
maintained  during  any  length  of  time. 

.4  One  large  company,  using  three  different  types  of  CO, 
recorders,  states  that  the  meters  do  not  assist  them  in 
maintaining  uniform  capacity  output. 

From  the  facts  which  your  Committee  has  been  able  to 
assemble  it  seems  safe  to  say  that,  assuming  the  boiler  setting  to 
be  in  perfect  condition,  a  steady  output  would  indicate  that  the 
furnace  and  boiler  are  working  up  to  their  highest  efficiency  and 
that  any  change  in  the  condition  of  the  fire  caused  by  excessive 
air  will  be  as  readily  indicated  upon  the  capacity  flow  meter  as 
upon  a  CO2  instrument.  In  this  connection,  comparing  the  value 
of  the  CO2  meter  with  the  capacity  meter,  it  has  been  the  expe- 
rience of  member  companies  that  a  boiler  can  be  kept  steaming 
at  a  more  uniform  rate  with  the  aid  of  flow  meters  than  with  the 
aid  of  COo  recorders.  It  would,  therefore,  seem  that  a  capacity 
flow  meter  can  perform  essentially  all  of  the  functions  claimed  for 
.the  CO2  meter. 

METERS  FOR  MEASURING  FEED  WATER 

During  the  year  19 12  there  has  been  considerable  advance 
made  in  the  operation  of  water  meters.  Possibly  the  most  work 
has  been  done  upon  the  v-notch  weir  method  of  water  measure- 
ment. 

Properties  of  V-Notch  Weir  Method 

One  of  the  properties  of  the  v-notch  method  of  measure- 
ment which  makes  it  especially  valuable  lies  in  the  fact  that  the 
section  of  the  flow  through  the  v-notch  is  at  all  times  the  same 
shape,  although  the  area  may  vary,  and  this  constancy  of  form 
tends  to  simplify  the  formula  and  make  it  accurate.  Another 
property  of  the  v-notch  is  that  its  angles  may  be  less  than  90 
degrees  without  impairing  its  efficiency,  which  enables  it  to  be 
used    for   very    small   quantities   of   water.     These   properties 
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are  mentioned  by  Mr.  D.  R.  Yarnall  in  a  paper  published  il^ 
the  Transactions  of  the  A.  S.  M.  E.  in  October,  1912.  |^^ 

The  Venturi  Meter 

The  Venturi  meter  is  highly  spoken  of  by  several  companies 
that  are  using  it  to  measure  feed  water.     The   installaticm  oi 
these  meters  is  usually  a  simple  matter,  as  the  meter  itself  fonm 
part  of  the  feed  line,  but  as  accuracy  of  the  indications  requim 
a  short  length  of  straight  pipe    it  is  not  always  convenient  to 
find  a  location  for  the  meter,  since  the  meter   itself  and  the 
straight  piece  ahead  of  it  require  a  straight  run  of  pipe  from  15 
to  20  diameters  in  length.     The  meter  is  not  so  perfectly  adapted 
for  service  with  pumps  which  give  an  intermittent  flow  of  water, 
but  it  is  ideally  adapted  for  use  with  centrifugal  pumps,  where 
its  indication  is  found  to  be  accurate  within  one  per  cent. 

« 

The  General  Electric  Water-flow  Meter 

The  General  Electric  Co.  now  has  on  the  market  a  feed- 
water  meter,  which  operates  on  the  same  principle  as  its  steam 
capacity  flow  meter.  This  is  of  the  modified  Pitot  tube  type. 
In  the  use  of  this  meter  they  provide  for  the  installation  of  a 
reducing  nozzle  in  the  feed  line  at  the  point  of  application  of 
the  flow-meter  nozzle.  This  reducing  nozzle  makes  it  possible 
to  increase  the  velocity  in  the  pipe  without  a  loss  in  pressure 
in  cases  where  the  normal  velocity  of  water  in  the  pipe  would  be 
too  low  to  measure  the  water  accurately.  These  reducers  arc 
made  of  definite  diameter  and  the  surface  exposed  to  the  flow  of 
water  is  always  of  the  same  degree  of  roughness,  which  is  not 
true  of  commercial  piping.  For  this  reason  it  is  not  necessary 
for  the  customer  to  measure  his  pipe  diameter,  and  the  results 
obtained  are  accurate  within  i  per  cent,  where  without  the 
reducer  the  accuracy  may  not  be  better  than  2  per  cent,  due 
to  errors  in  determining  the  true  pipe  diameter  and  also  to  the 
variable  roughness  of  the  pipe. 

FUEL  OIL  AND  ITS  COMBUSTION 

Petroleum  oil  because  of  its  high  calorific  value  and  its  great 
adaptability  to  boiler  work  is  almost  the  ideal  fuel  for  such 
purposes. 

This  fuel,  which  was  formerly  supposed  to  be  found  in  quite 
restricted  localities  and  in  limited  quantities,  is  now  known  to  be 


widely  distributed,  and  enormous  deposits  in  new  localities  are 
being  continually  discovered.  One  of  the  latest  of  these  to  be 
brought  to  attention  is  the  oil  fields  of  Mexico,  which  bid  fair 
to  become  an  important  factor  in  the  production  of  petroleum. 

The  enormous  increase  in  the  demand  for  petroleum  prod- 
ucts, principally  the  lighter  oils,  has  been  a  factor  in  the  recent 
production  of  crude  petroleum.  This  increase  has  been  suffi- 
cient to  greatly  reduce  the  consumption  of  petroleum  for  fuel 
purposes,  but  with  the  increased  yield  which  may  be  expected 
from  new  deposits,  and  with  the  increasing  price  of  coal,  we  may 
expect  that  oil  fuel  will,  before  long,  regain  its  former  position 
as  one  of  the  steam-producing  fuels. 

Your  Committee  has  been  fortunate  in  receiving  a  discussion 
of  fuel  and  its  combustion,  written  by  Mr.  Arthur  D.  Pratt, 
assistant  to  the  advisory  engineer  of  the  Babcock  &  Wilcox 
Co.,  which  communication  appears  in  full  in  Appendix  E. 
This  paper  is  an  exhaustive  description  and  discussion  of  the 
various  means  and  appliances  for  burning  fuel  oil,  a  comparison 
of  its  cost  with  that  of  coal,  and  a  comparison  of  the  efficiencies 
of  various  makes  of  burners.  One  statement  of  interest  which 
might  be  mentioned  is  that  of  steam  atomizer  burners  which  have 
now  been  so  perfected  that  they  will  operate  on  from  i  to  2  per  cent 
of  the  steam  generated  by  a  boiler  which  they  serve.  The  capac- 
ity of  a  good  steam  atomizing  burner  is  placed  at  about  400  boiler 
hp.,  and  it  is  possible  with  such  burners  to  operate  a  boiler  at 
from  200  to  450  per  cent  of  rating. 

The  author  discusses  the  use  of  fuel  oil  with  other  fuel  as 
standby  and  emergency  service,  and  is  of  the  opinion  that  it  is 
of  value  for  this  purpose,  although  it  is  not  advisable  to  use  it 
constantlv  in  connection  with  other  fuel. 

The  paper,  which  it  is  said  will  appear  in  substantially  the 
same  form  in  the  new  edition  of  "Steam,"  the  bulletin  of  the 
Babcock  &  Wilcox  Co.,  is  well  worth  the  perusal  of  any  one  who 
is  using  or  contemplates  the  use  of  fuel  oil. 

RILEY   STOKER 

A  new  design  of  stoker  has  been  brought  out  in  the  past 
>^ear  which  is  intended  to  combine  the  best  features  of  inclined 
underfeed  and  overfeed  stokers  and  shaking  grates.  The  so- 
called   Riley  self-dumping   stoker  is  of  the  inclined  underfeed 
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type ;  that  is,  the  coal  supply  is  forced  up  from  beneath  die  pQiit| 
where  the  air  is  admitted,  and  is  then  worked  along  toward  Ai| 
bridge  wall.     It  differs  from  other  underfeed   stokers  in 
instead  of  stationary  dead  plates  it  has  moving  air-suppljii|| 
grates,  carried  by  the  reciprocating  sides  of  the  retorts,  and  ab 
moving  overfeed  grates,  extending  across  the  entire  width  of  4e 
stoker.     Beyond  these  are  pushers  for  continuously  dumping  Ae] 
refuse.    The  travel  of  these  reciprocating  parts   is  adjustaiih^: 
so  as  to  control  completely  the  movement  of  the  fuel  bed  andds 
dumping  of  refuse. 

The  manufacturer  claims  many  distinctive  features  for  das 
stoker,  among  which  are  smokelessness,  adaptability  to  varied 
fuels,  arrangement  for  the  self-dumping  of  refuse,  ease  wift 
which  it  cuts  away  and  prevents  the  formation  of  clinkers  and 
simplicity  of  construction.  It  is  claimed  that  these  grates  hafc 
developed  from  200  to  250  per  cent  boiler  rating,  with  an  effi- 
ciency of  from  73  to  yj  per  cent.  The  power  required  to  operate 
this  stoker  was  1J/2  hp.,  and  20  hp.  was  used  for  driving  the 
blower. 

As  this  stoker  has  only  recently  been  put  upon  the  mariot 
your  Committee  has  not  been  able  to  verify  the  claims  of  die 
manufacturer,  which  are  substantially  embodied  in  the  statement 
made. 

VELOCITIES  IN  STEAM  PIPING 

In  the  discussion  of  the  last  year's  report  the  question  was 
raised  in  regard  to  steam  velocities  to  be  employed  in  steam-tur- 
bine stations.  This  matter  depends  so  largely  upon  local  condi- 
tions that  no  definite  practise  may  be  described ;  some  steam 
velocities  as  high  as  9000  ft.  per  min.  prevail  in  modem  plants 
where  the  arrangement  permits. 

Each  plant  must  be  individually  considered,  having  in  mind 
that  there  must  be  a  compromise  between  the  pressure  losses, 
radiation  losses  and  investment  involved.  These  principles  have 
been  broadly  discussed  in  technical  literature. 

New  Boiler  Unit  "Myriawatt" 

The  February  num])er  of  the  N.  K.  L.  A.  Bulletin,  in  refer- 
rin,p^  to  the  new  unit  for  expressing  boiler  power,  reads  as  follows: 

"There  has  been  a  good  deal  of  inquiry  recently  as  to  the 
proposed  new  unit   *myriawatt/    which  would  seem  to  be  badly 
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needed  iii  expressing  the  relations  between  present  electrical  units 
and  steam  units,  or  boiler  power. 

"In  an  effort  to  get  rid  of  'horse  power'  entirely  a  paper 
was  recently  presented  to  the  American  Institute  of  Electrical 
Engineers  by  H.  G.  Stott  and  Haylett  O'Neill,  suggesting  that 
the  term  'myriawatt'  be  used  instead.  The  term  is  derived  from 
the  Greek  'myrias/  meaning  ten  thousand,  and  the  term  *watt.' 
One  boiler  horse  power  very  nearly  equals  ten  kilowatts  or 
10,000  watts.  Hence  *myriawatt.'  In  terms  of  British  thermal 
units  one  kilowatt  is  equal  to  3415  units  per  hour  and  one 
boiler  horse  power  to  33475  units  per  hour.  A  *myriawatt' 
would  then  be  34,150  British  thermal  units  per  hour  or  only  two 
per  cent  more  than  the  boiler  horse  power.  It  is  the  common 
practise  to  rate  water  tube  boilers  at  one  boiler  horse  power  per 
10  sq.  ft.  of  heating  surface.  As  this  is  an  arbitrary  measure 
no  harm  can  be  done  by  increasing  the  unit  two  per  cent,  and 
boilers  might  hereafter  be  rated  at  one  'myriawatt'  per  10  sq.  ft. 
of  heating  surface. 

"At  a  joint  meeting  of  the  Standard  Committee  of  the 
American  Institute  of  Electrical  Engineers  and  a  special  commit- 
tee appointed  by  the  American  Society  of  Mechanical  Engineers 
the  new  term  was  recommended  and  Mr.  C.  O.  Mailloux  was 
appointed  to  present  this  unit  to  the  International  Electro-Tech- 
nical Commission  at  Zurich.  It  seems  quite  probable  that  the 
term  will  be  adopted  abroad,  where  *  boiler  horse  power'  is  never 
used   and  no  suitable  substitute  exists." 

In  presenting  this  suggestion  for  a  new  boiler  unit  atten- 
tion should  be  called  to  the  fact  that  certain  English  engineers 
have  made  decided  objections  to  the  proposed  unit.  Your  Com- 
mittee feels  that  it  might  be  well  to  let  the  National  Engineering 
Societies  pass  on  the  question  of  its  adoption. 

GAS    POWER 

In  preceding  reports  of  the  Committee  all  important  develop- 
ments, both  practical  and  novel,  have  been  taken  up  at  length. 
There  have  been  no  new  developments  in  this  field  of  engineer- 
ing this  year.  The  Committee  communicated,  as  formerly,  with 
all  of  the  leading  manufacturers  of  gas-power  apparatus,  and 
has  been  directly  informed  that  no  new  types  of  machinery  were 
bought  during  the  past  year.  In  the  main  they  report  that  minor 
details  of  design  are  being  perfected  to  improve  operation. 

The  market  for  gas  engines  and  producers  has  been  unusu- 
ally quiet  the  last  twelve  or  more  months.  In  your  Committee*s 
judgment  this  may  be  attributed  to  the  great  trend  toward  cen- 
tralizatipn  of  power  which  invariably  c^M^  for  wnits  of  large 
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capacity.  It  is  now  commonly  understood  that  the  heavy-povcr 
gas-engine  installation  cannot  be  financially  economical  unless 
the  cost  of  coal  should  range  considerably  above  the  existbg 
average  prices.  Due  to  the  relatively  large  investment  and  main- 
tenance costs  of  a  gas  plant,  even  smaller  sizes  have  suffered  a 
loss  in  the  prestige  accorded  them  by  the  industries  a  few  yean 
ago. 

OIL  ENGINES  AND  STATISTICS  REGARDING  THE  GENERAL  OIL  SUPPLY 

There  has  been  one  item  in  the  nature  of  a  recent  rapid 
rise  in  the  price  of  oil  that  requires  particular  mention.  The 
eastern  and  central  sections  of  the  country  have  been  most 
affected,  while  prices  in  the  extreme  west  and  southwestern  dis- 
tricts have  advanced  but  slightly.  The  following*  tables  and 
statements  are  an  abstract  from  the  United  States  Geological 
Survey  Bulletin: 

Production  of  Petroleum 

REPORTED  PRODUCTION  OF  OIL    (BARKELS  )    IN   UNITED   STATES    AND   WORLD 

1909  1910  I9IT  I9I3 

East  of  the  Rockies..  .127^24,000      136,547,000      iJ9,3i5,ooo       iJ3,200,an 
West  of  the  Rockies. .  54,776,000        73,010,000       81,134,000        87,000/xx) 
Total  in  United  States.  182,000,000      209,557,000      220,449,000      2ao,200jooo 
Fstimated    world    pro- 
duction     298,346,000      327,474,000      345,512,000      347,000,000 

Per  cent  of  United 
States  production  to 
world  production....  61. i  63.8  63.8  63.4 

Petroleum  Prices 

AVEKAGE    PRICE    PER    BARREL 

1908  1909  1910  :9ll 

California   $0,523  $0,564  $0,490  $0,477 

Colorado    913  1.022  1. 015  1.005 

Illinois    672  .640  .593  .630 

Indiana    976  .870  .726  .740 

Kansas    414  .389  .394  .476 

Kentucky 971  .811  .693  .696 

Louisiana    605  .661  .522  .529 

^i'5'"«f='p '1.466      1.362      1.326     1. 000 

Missouri    \        ^  *^  ^ 

New   York    1.786  1.655  1.342  1.311 

Ohio    1.306  1.244  1.074  1.07s 

Oklahoma 386  .364            .383  .472 

IVnnsylvaiiia    1.791  1.659  1.354  1.321 

Texas 598  .712            .742  .688 

^^J^*^  •. !    i.=;70  1.655  .810  .664 

Wyoming    \        ^^  '  "^ 

West   Virginia    ....   1.7/6  1.642  1.338  1.303 

Total •    .723  .704  .610  .608 
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From  reports  of  the  United  States  Geological  Survey,  made 

in  January,  1913,  the  average  prices  quoted  seem  to  indicate  a 

decided  advance,  particularly  in  the  central  and  eastern  fields. 

The  advances  made  during  the  year  1912  were  as  follows: 

Pennsylvania   , 70  cents  increase 

Illinois,  Ohio,  Indiana 35  cents  to  40  cents  increase 

Texas 10  cents  to  20  cents  increase 

California    5  cents  increase 

It  has  been  observed  that  since  January  i,  1913,  there  have 
been  unusual  advances  in  certain  fields,  the  Pennsylvania  oils 
chiefly  commanding  prices  nearly  double  those  of  a  year  ago. 

General  Petroleum  Situation 

The  January,  1913,  Bulletin  of  the  United  States  Geological 
Survey  states : 

**There  was  no  considerable  change  in  the  quantity  of  petro- 
leum produced  in  the  United  States  in  1912,  compared  with  1911. 
Nevertheless,  according  to  David  T.  Day,  of  the  United  States 
Geological  Survey,  the  year  was  full  of  remarkable  incidents,  as 
is  usual  in  the  history  of  this  article  of  commerce,  which  depends 
for  its  statistical  position  more  upon  the  chances  of  new  dis- 
coveries and  less  upon  trade  demands  than  any  other  commodity 
except  gold. 

"As  a  rule,  the  eastern  fields  declined  in  production,  because 
it  was  impossible  to  keep  up.  the  great  output  of  191 1  without 
large  additional  discoveries  of  new  pools  in  the  older  fields.  The 
eastern  decline  was,  however,  offset  by  the  increase  in  California, 
where  the  San  Joaquin  Valley  fields  (Midway,  McKittrick,  Mari- 
copa, etc.)  are  still  at  the  height  of  the  gusher  stage. 

**It  will  take  much  time  to  calculate  the  amount  of  oil  sold 
at  the  different  prices  of  the  year,  but  it  is  evident  that  the  total 
value  of  the  product  increased  markedly,  being  about  $150,000,000 
compared  with  $134,144,752  in  191 1. 

"Stocks.  In  all  the  fields,  except  those  of  California  and  the 
Gulf,  there  was  a  steady  drain  on  stock  during  the  year,  so  that 
from  a  total  of  81,789,390  bbl. — over  a  half  year's  output — on 
January  i,  the  stock  declined  to  69,000,000  bbl.  at  the  end  of 
the  year.  This  drain  reflects  the  increased  capacity  of  the  refining 
plants  of  the  United  States,  the  greatly  increased  exports,  and  a 
gradual  change  in  the  general  condition  of  the  industry  by  which 
gasoline  has  become  much  more  in  demand,  so  that  the  trade  is 
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well  satisfied  with  heavier  grades  of  gasoline  or  naplidia.   For 
this  reason  the  dividing  line  between  naphtha  and  kerosene  hai 
necessarily  been  drawn  nearer  to  kerosene,  a   large  qnantb 
of  oil  has  been  distilled  into  the  gasoline  portion  of  the  prodncb 
and  a  reduced  output  of  kerosene  has  resulted.     On  the  odxr 
hand,  the  heavy  residues  which  are  marketed  as  fuel  oib  hxit 
come  into  greater  demand,  and,  owing  to  the  ever-evident  effort 
to  increase  the  yield  of  light  products  by  splitting  up  these  rca- 
dues,  the  supply  of  fuel  oil  has  not  kept  up  with  the  demand. 
The  advent  of  internal-combustion  engines,  such  as  those  of  the 
Diesel  type,  promises  still  higher  prices  for  fuel  oils.     The  United 
States  has  been  slow  in  the  adoption  of  these  new  engines,  but 
their  general  adoption  abroad  has  pointed   the   way   to  ra|rid 
increase  in  their  use  here. 

"Prices.  The  general  decline  in  production,  except  in  Cat 
.fomia,  would  doubtless  have  been  much  greater  but  for  the 
effort  to  apply  laws  of  supply  and  demand  by  increase  in  prices. 
Prices  advanced  so  greatly  during  the  year  as  to  stimulate  drill- 
ing, even  in  the  old  New  York  and  Pennsylvania  pools,  and  so 
checked  the  decline  in  output.  ^  Formerly  this  plan  has  not  been 
so  successful.  In  the  Mid-Continent  field  also  it  checked  the 
decline,  so  that  the  product  will  come  within  4,000,000  bbl.  of 
the  maximum  output  (in  1910).  In  the  Appalachian  field,  where 
hip^her  prices  and  very  cheap  methods  of  pumping  oil  make  the 
decline  slow  in  any  event,  the  great  rise  in  price  from  $1.30  to 
$2.00  a  barrel  seems  to  have  checked  the  normal  decline  and 
even  to  have  effected  an  increase,  which,  though  slight,  was 
gratifying. 

"Decline  Abroad.  Another  feature  tending  to  strengthen 
the  position  of  oil  in  this  country  is  the  decrease  in  production  in 
Russia  from  66,183,691  bbl.  in  191 1  to  about  60,000,000  bbl.  in 
1912.  Roumania  increased  its  product  slightly,  but  not  suffi- 
ciently to  offset  the  Russian  decline.  The  chief  decrease  was  in 
the  Baku  oil  field.  The  world's  consumption  of  oil,  according  to 
Dr.  Day,  is  now  about  a  million  barrels  a  day,  the  United  States 
furnishing  more  than  all  other  countries." 

The  following  statements  regarding  the  oil  situation  in  the 
United  States  are  taken  from  "Production  of  Petroleum  in  191 1,** 
issued  by  the  United  States  Geological  Survey,  and  published 
>vithin  the  last  few  months.  The  general  statements  regarding  the 
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supply  and  demand  here  quoted  are  based  upon  the  conditions 
of  the  trade  observed  during  the  latter  part  of  the  year  1912. 

Fuel  Oils 

**General.  The  most  important  feature  developed  by  the  oil 
industry  of  191 1  has  been  the  realization  of  a  supply  of  fuel  oil 
large  enough  to  be  reckoned  on  as  a  national  factor  in  power 
production.  During  1910  arguments  became  convincing  that 
fuel  oil  was  sufficiently  plentiful  on  the  Pacific  coast  to  justify 
great  trade  and  manufacturing  expansion  in  California.  Oil 
has  been  adopted  as  fuel  on  the  northern  transcontinental  rail- 
roads for  significant  portions  of  their  lines.  The  introduction 
of  oil  as  fuel  as  far  north  as  Alaska,  without  bringing  consump- 
tion up  to  the  level  of  present  production,  has  given  assurance 
of  a  permanency  of  supply  sufficient  for  the  industrial  needs  of 
the  whole  Pacific  slope. 

"The  solution  of  the  corresponding  problem  on  the  Atlantic 
coast  received  much  encouragement  in  191 1  by  the  great  develop- 
ment of  oil  supplies  in  Mexico.  The  quantity  of  oil  which  the 
Mexican  fields  are  now  ready  to  furnish  is  variously  estimated 
at  from  6,000,000  to  12,000,000  bbl.  a  month.  The  total  product 
was  perhaps  a  tenth  as  much,  the  production  being  limited  neither 
by  supply  nor  demand,  but  by  transportation  facilities.  The 
needed  tank  steamers  are  being  furnished  as  rapidly  as  they  can 
be  built,  and  meantime  the  popularity  which  fuel  oil  has  attained 
has  already  led  to  a  doubling  of  its  market  price. 

*'It  should  be  borne  in  mind,  however,  that  with  a  line  of 
tank  steamers  sufficient  to  carry  all  the  oil  that  can  now  be  fur- 
nished for  the  eastern  coast,  the  market  would  probably  be 
temporarily  over-supplied.  The  consumers  of  fuel  require  time 
for  the  substitution  of  oil  for  coal,  although  the  many  advantages 
of  the  former  are  obvious. 

"In  view  of  the  inability  of  producers  to  furnish  fuel  oil  in 
the  desired  quantity,  it  is  most  fortunate  that  it  is  no  longer 
necessary  to  convert  oil  into  power  by  burning  it  under  boilers. 
The  various  internal  combustion  engines  of  the  Diesel  type,  in 
which  a  qfre'at  variety  of  oils  can  he  injected  directly  into  the 
cylinders,  have  greatly  raised  the  efficiency  of  oil  for  power; 
but  this  same  revolution  in  method  of  burning  involves  changes 
in  the  construction  of  the  engine  which  will  require  time  for 
introduction. 
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Manufactures 

*The  quantity  of  oil  used  as  fuel  in  manufacturing  and  other 
industries  can  not  be  computed  with  satisfactory  accuracy ;  hot 
it  is  estimated  that,  including  railroad  use,  nearly  50,000,000  bU. 
of  the  California  oil  went  for  fuel.  In  Texas  and  Louisiana  the 
fuel  oil  used  is  estimated  at  9,000,000  bbl.,  much  of  which  was  b 
the  form  of  residues  after  light  distillates  were  taken  off.  In  the 
Mid-Continent  field,  also,  crude  oil  as  fuel  is  fast  giving  place  to 
these  'topped'  oils.  Of  this  material  about  2,cxx>,ooo  bW.  were 
consumed.  Little  oil  from  the  eastern  fields  finds  use  as  fuel, 
since  the  heavy  residuum  is  valuable  for  manufacture  into  lubri- 
cants, paraffin  wax,  etc.  In  all  probably  nearly  62,000,000  bbl 
were  consumed  as  fuel  in  191 1  in  the  United  States ;  a  fair  esti- 
mate of  the  consumption  for  the  preceding  year  is  61,000,000 
bbl.,  the  increase  showing  a  growing  appreciation  of  oil  as  fuel. 

"The  chief  use  of  gasoline  is  as  internal  combustion  fuel,  and 
the  quantity  of  this  material  used  will  be  referred  to  elsewhere. 

United  States  Navy  and  Merchant  Marine 

"The  third  interesting  use  of  fuel  oil  is  for  water  navigation. 
In  this  the  advance  in  191 1  was  world  wide. 

"Experience  with  fuel  oil  in  the  United  States  Navy  has 
been  so  satisfactory  that  its  use  will  be  extended  as  rapidly  as 
is  permitted  by  considerations  of  supply  and  cost.  Already  the 
Navy  has  19  oil-burning  torpedo-boat  destroyers,  and  8  battle- 
ships which  burn  oil  as  auxiliary  to  coal.  The  battleships 
"Nevada'*  and  "Oklahoma,"  now  under  construction,  will  burn 
oil  exclusively. 

**During  the  year  iQii  the  Navy  used  15,000,000  gal.  of 
fuel  oil,  and  it  is  estimated  that  the  consumption  for  the  pres- 
ent year  will  he  21,000,000  gal.  Oiling  stations  of  700,000-gal. 
capacity  have  been  established  at  Bradford,  R.  I..  Norfolk.  \'a., 
Cliarlesti>n,  S.  C,  and  Key  West,  Fla.  A  station  of  this  size 
is  being  constructed  at  Guantanamo,  Cuba.  At  each  of  these 
stations  provision  has  been  made  for  a  considerable  increase  in 
tankage. 

"The  only  naval  oil  tanker  at  present  in  servict  is  the  'Are- 
iluisa.*  with  a  capacity  of  1.400,000  gal.  Each  of  the  Navy's  five 
most  recent  colliers,  however,  has  provision  for  carrying  375,000 
gal.  of  oil.  and  future  fuel  vessels  built  for  the  Navy  will  probably 
be  oil  tankers  rather  than  colliers. 
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"In  the  merchant  marine  the  event  of  interest  was  the  voyage 
of  the  'Honoluluan'  from  Baltimore,  Md.,  to  Seattle,  Wash., 
carrying  a  cargo  of  7000  tons  of  coal  but  propelled  by  oil.  The 
journey  covered  14,000  miles  and  required  a  barrel  of  oil  per  mile. 
That  is,  7000  tons  of  coal  were  moved  one  mile  by  one  barrel  of 
oil.  The  oil  weighed  1866  short  tons,  and  to  serve  the  same  pur- 
pose it  is  estimated  that  5600  tons  of  coal  would  have  been 
needed. 

"Heavy-Oil  Engines.  The  heavy-oil  engine  of  the  Diesel 
type  continues  to  develop  and  its  extensive  adoption  for  marine 
service  within  a  comparatively  few  years  seems  probable.  The  12 
most  recent  submarines  will  have  Diesel  engines  of  300  to  450  hp. ; 
the  submarine  tender  'Niagara'  will  have  an  engine  of  900  hp. ; 
and  a  150-hp.  engine  of  this  type  is  being  installed  in  a  50- ft. 
cutter  for  experimental  purposes. 

"The  application  of  Diesel  engines  to  tank  and  other  freight 
vessels,  and  even  to  passenger  craft,  has  extended  to  a  point 
where  the  expression  'steamer'  is  no  longer  strictly  correct,  and 
a  new  term  will  be  required  to  distinguish  between  sailing  vessels 
and  those  propelled  by  engines. 

"The  most  significant  achievement  of  fuel  oil  in  engine  ships 
was  the  voyage  of  the  Danish  East  Asiatic  Co.'s  Diesel  ship 
'Selandia,'  which  crossed  from  Copenhagen  to  London  in  March, 
1912,  on  her  maiden  voyage  to  Bangkok,  Siam.  The  'Selandia' 
is  of  7000  tons  and  is  propelled  by  two  Diesel  engines  of  1200 
hp.  each.  All  auxiliary  machinery,  such  as  cargo  winches  and 
electric-light  plant,  are  driven  by  additional  Diesel  engines.  There 
are,  of  course,  no  smoke  funnels.  The  coal  bunker  room  is 
saved  and  most  of  the  boiler  space,  although  the  space  occupied 
by  the  engine  is  slightly  greater  than  the  steam  engine  required. 
The  oil  carried  is  1000  tons,  of  which  a  ton  is  burned  in  two  hours 
under  full  speed.  Two  larger  Diesel  ships  have  been  ordered  by 
the  same  line." 

Two  useful  specifications  covering  oils  for  internal  combus- 
tion engines  are  given  in  the  Appendix  F-i,  2  and  3. 

The  increased  price  of  oil  has  temporarily  retarded  the  ex- 
pected rapid  extension  of  the  oil-engine  trade  in  the  eastern 
and  central  sections  of  the  United  States.  Some  of  the  builders  of 
the  heavy-oil  engines  listed  in  the  last  year's  report  state  that  they 
have  not  pushed  their  oil-engine  work  owing  to  the  rising  ten- 
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dency  in  the  price  of  crude  and  fuel  oils.  Others,  i^aerer 
record  their  confidence  in  the  present  aTailability  of  Tanoc: 
grades  of  petroleum  and  ur  oils  for  oil-engine  operatkn.  aac 
are  preparing  themselves  for  an  anticipated  future  drrrarr 
Among  the  prominent  builders  who  in  the  last  year  anrmonrr: 
having  added  the  oil  engine  to  their  list  of  producrts  are  ^ 
following: 

General  Electric  Co.,  Erie,  Pa.; 
Snow  Steam  Pump  Works,  Buffalo,  N.  Y. ; 
Fulton  Iron  Works,  St  Louis,  Mo.; 
Covington  Machine  Co..  Coxington.  Va. ; 

which  are  in  addition  to  the  builders  heretofore  active,  namely: 

Busch  Sulzer  Bros.,  Diesel  Engine  Co.,  St.  Louis,  Mo.; 

Lyons  Atlas  Co.,  Indianapolis,  Ind. ; 

De  La  X'ergne  Machine  Co.,  Xew  York,  N.  Y. 

The  large  stationary  engine,  using  heav>-  oils,  existing  here- 
tofore mainly  in  the  vertical  t>T>e,  has  recently  made  its  appear- 
ance in  the  horizontal  t>'pe,  the  advantages  claimed  being  greater 
simplicity,  accessibility  and  lesser  cost. 

Fuel  costs  abroad,  being  considerably  higher  than  in  this 
country,  have,  naturally,  excited  intense  interest  in  the  building 
of  oil  engines  by  leading  European  manufacturers,  and  a  large 
number  of  important  modifications  have  been  made.  American 
manufacturers  are  apparently  taking  advantage  in  many  instances 
of  European  developments.  The  Sulzer  Brothers  (Winterthur. 
Switzerland)  type  of  construction  has  already  been  used  by  a 
well-known  American  firm.  The  designs  of  the  Messers.  Tosi, 
of  Legnano,  Italy,  will  be  followed  by  another  American  engine- 
building  company,  and  those  of  Mirrless,  Bickerton  &  Day,  of 
Stockport,  England,  are  to  be  largely  adopted  by  one  of  our 
principal  electrical  manufacturers.  Messers.  Carels,  of  Ghent, 
have  a  direct  representative  in  the  United  States.  Professor 
Junkers  of  Aachen,  Germany,  has  designed  and  constructed  a 
noteworthy  valveless  two-cycle  oil  engine,  possessing  an  excellent 
combustion  chamber,  which  gives  most  satisfactory  thermo- 
dynamic results.  While  this  engine  has  barely  emerged  from  the 
laboratory  its  practical  use  is  being  awaited  with  keen  inter- 
est. The  inventor  of  the  engine  is  scheduled  to  discuss  the 
details  of  his  design  before  the  Gas-Power  Section  of  the  Amer- 
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ican  Society  of  Mechanical  Engineers  at  their  Spring  meeting  in 
Baltimore,  and  a  description  of  the  engine  may  be  found  in 
■   "Power,"  January  23,  1912. 

In  general,  the  types  above  mentioned  are  described  in 
"  Chalkley's  book  on  Diesel  Engines,  reference  to  which  is  made  in 
the  Appendix  H.  Some  of  the  American  companies  have  not  made 
arrangements  with  European  builders,  but  are  working  out  the 
details  of  their  own  engines  independently,  possibly  availing 
themselves  to  a  large  extent  of  the  experience  of  others. 

The  oil  engine  has  now  assiuned  a  definite  part  in  the  pro- 
duction of  power  in  this  country.  In  round  numbers  there  are 
over  300  installations  of  medium  and  heavy-power  oil  eng^es 
here,  aggregating  about  75,000  hp.  It  is  interesting  to  note  that 
Phelps,  Dodge  &  Co.  (New  York)  have  purchased  two  looo-hp. 
Carels-Diesel  engines  for  their  Arizona  mining  properties,  which 
will  be  the  largest  engines  installed  in  this  country  up  to  the  pres- 
ent time.  There  have  been  a  number  of  400  and  6oo-hp.  engines 
built  here  for  exportation  to  Mexico. 

An  admirable  review  of  the  foreign  oil-engine  situation  was 
presented  by  H.  J.  K.  Freyn  in  his  address  before  the  American 
Sqpiety  of  Mechanical  Engineers  in  December,  1912.  (See  Ap- 
pendix G.)  This  paper  also  dwells  upon  other  gas-power  top- 
ics, and  is,  therefore,  particularly  recommended  to  those  who 
are  interested  in  this  subject. 

Two  valuable  opinions  relative  to  the  oil  engine,  were 
received  from  important  sources,  which  proved  deserving  of 
being  published  in  full. 

Letter  No.  i  (from  officer,  U.  S.  Corps  of  Engineers,  Sea  Coast 
Defence) 

"I  have  read  much  about  the  Diesel  engine  and  have  given 
it  a  great  deal  of  study.  I  have  recommended  that  it  be  installed 
in  a  fortification  in  Manila  Bay,  the  power  plant  of  which  will 
consist  of  seven  150-kw.  Diesel  engine-driven  sets. 

"I  believe  the  high-pressure  oil  engine  has  a  great  future 
as  a  prime  mover,  especially  when  used  in  lighting  service.  To 
insure  continuous  service  it  might  be  necessary  to  have  a  greater 
number  of  reserve  sets  than  is  usually  considered  desirable  with 
steam-driven  apparatus.  On  the  other  hand,  the  small  Diesel 
engine  is  as  economical  as  the  large,  and,  except  for  the  matter 
of  first  cost,  gives  much  better  operative  conditions.  On  account 
of  the  quickness  of  starting  and  the  fact  that  the  engine  will 
operate  at  half  load  almost  as  economically  as  at  full,  the  num- 
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did  not  provide  for  a  sufficient  number  of  bearings  to  support 
the  shaft.  The  new  engines  provide  a  bearing  between  fiy-wb^ 
and  generator.  In  case  a  fly-wheel  is  used  on  the  other  side 
of  the  engine  this  should  be  an  outboard  bearing. 

"General  Discussion  of  Advantages  and  Disadvantages. 
The  principal  advantage  is,  of  course,  the  saving  in  fuel  cost, 
and  other  advantages  are  the  short  time  required  to  start  the 
engine  and  the  economy  in  space  and  handling  of  fuel.  The  dis- 
advantages are  high  maintenance,  the  necessity  of  more  skilled 
and  experienced  operators,  lesser  reliability  than  with  the  steam 
plant,  high  investment,  and  last,  but  not  least,  the  fact  that  the 
user  is  tied  up,  almost  beyond  the  possibility  of  breaking  away,  to 
a  kind  of  fuel  of  which  the  price  seems  to  be  very  unstable.  I 
should  think  that  the  recent  increase  in  the  price  of  fuel  oils  would 
make  any  one  investigate  very  carefully  before  adopting  this  type 
of  engine." 

It  is  to  be  understood  that  the  engines  in  the  plant  described 
were  of  the  first  to  be  installed  in  this  country,  and  it  is  to  be 
expected  that  the  more  recent  improvements  in  the  various  designs 
mentioned  will  largely  obviate  the  principal  difficulties  encoun- 
tered. 

Humphrey  Gas-power  Pump 

In  view  of  the  interest  attached  to  the  unique  gas-power 
pump  developed  by  Mr.  H.  A.  Humphrey,  of  Great  Britain, 
and  described  in  last  year'3  report,  your  Committee  has  con- 
tinued to  watch  the  progress  that  is  being  made.  It  believes  the 
present  situation  to  be  sufficiently  summed  up  by  Mr.  Humphrey 
himself  in  the  following  statement  obtained  through  corre- 
spondence : 

"Steady  progress  is  being  made  with  the  Humphrey  pumps 
and  quite  recently  two  of  the  large  pumps  for  the  Metropolitan 
Water  Board  have  been  started  to  work  at  Chingford  and  are 
giving  the  greatest  possible  satisfaction.  The  larger  of  these 
pumps  was  guaranteed  to  deliver  40,000,000  gal.  per  day,  and  is 
considerably  exceeding  this  output.  The  fuel  consumption  was 
guaranteed  at  i.i  lb.  of  coal  per  actual  water-hp-hr.  and 
the  approximate  measurements  which  have  been  so  far  possible 
show  that  a  still  lower  consumption  will  be  realized,  probably 
below  0.9  lb.  The  quiet  and  smooth  running  of  these  pumps  is 
remarkable,  it  being  possible  to  balance  a  coin  on  edge  on  the 
combustion  chamber  while  the  pump  is  at  work.  We  are  not  pre- 
pared to  make  any  statement  regarding  the  application  of  a  pump 
for  generating  electric-motor  power,  except  to  say  that  experi- 
ments are  being  continued  in  this  direction  and  that  thermal  effi- 
ciencies on  the  indicated  horse  power  in  the  gas  cylinder  up  to 
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30  per  cent,  calculated  on  the  gas  buraed,  have  been  realized.  As 
we  still  have  patents  pending  it  is  not  desirable  to  say  more  on  this 
subject." 

As  supplementary  information,  the  following  abstracts  from 
I-ondon  Engineering  of  January  24  and  February  14,  1913, 
are  taken: 

"The  Humphrey  Pumps  at  Chingford.  The  first  of  the 
five  large  Humphrey  pumps  which  Mr.  W.  B.  Bryan,  the  engineer 
of  the  Metropolitan  Water  Board,  has  installed  to  feed  the 
new  Chingford  reservoir,  was  started  up  last  Sunday  witji  the 
most  complete  success,  there  not  being  the  slightest  hitch  of  any 
nature  whatever.  The  pump,  which  was  rated  at  40,000,000  gal. 
per  day,  is  very  considerably  exceeding  this  output,  the  dis- 
charge being  fully  at  the  rate  of  50,000,000  gal.  per  day.  It 
works  extremely  quietly  and  with  very  little  vibration,  it  being 
easy  to  balance  a  penny  on  edge  on  the  top  of  the  combustion 
chamber  with  the  pump  at  work.  The  combustion  chamber  is 
7  ft.  in  diameter,  and  the  number  of  cycles  9  per  minute. 

**The  conditions  required  the  set  of  pumps  to  have  an  aggre- 
gate capacity  of  216,000,000  gal.  per  day,  the  lift  being  25  to 
30  ft. 

'The  fuel  consumption  of  the  Humphrey  pump  was  guar- 
anteed not  to  exceed  i.i  lb.  of  anthracite  per  actual  pump- 
hp-hr.,  a  penalty  of  $5000  being  attached  to  every  i/io  lb. 
consumption  in  excess  of  this  figure.  Another  clause  in  the  con- 
tract imposed  a  penalty  of  $100,000  should  the  plant  prove  a 
failure. 

"It  was  a  somewhat  bold  step  to  accept  a  contract  under  such 
heavy  penalties  for  pumps  7  ft.  in  diameter,  and  developing  each 
between  200  and  300  hp.,  on  the  basis  of  an  experimental 
pump  with  an  output  equivalent  to  about  35  hp.  only;  but  the 
results  have  undoubtedly  thoroughly  justified  Mr.  Humphrey's 
confidence  in  the  capabilities  of  his  remarkable  contribution  to  the 
progress  of  mechanical  engineering. 

"Owing  to  the  fact  that  spent  gases  are  exhausted  at  atmos- 
pheric pressure  the  pumps  work  practically  without  noise. 

"Provision  has  been  made  by  which  the  scavenging  air  duct 
can  be  kept  charged  with  air  at  a  pressure  of  ^  lb.  to  iJ4  lb.  per 
sq.  in.,  a  device  which  endows  the  pump  at  need  with  a 
considerable  overload  capacity.  Up  to  the  present,  however,  the 
Chingford  pumps  have  taken  in  their  scavenging  air  at  atmo- 
spheric pressure,  and  even  so  the  output  is  so  substantially  in 
excess  of  the  requirements  of  the  contract  that  it  is  perhaps  doubt- 
ful whether  the  need  will  ever  arise  for  making  use  of  this 
arrangement  for  taking  overloads. 
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"The  fuel  required  for  operating  the  pumps  is  supplied  from 
a  Dowson  gas  plant ;  this  consists  of  four  producers,  one  of  which 
is  rated  to  convert,  into  gas  138  lb.  of  anthracite  per  hr.,  and  the 
other  three,  370  lb.  each." 

The  American  manufacturers  of  the  Humphrey  pump,  the 
Humphrey  Gas  Pump  Co.,  of  Syracuse,  N.  Y.,  have  energeticallY 
taken  up  the  problem  and  are  constantly  carrjring"  on  various 
experiments.  They  have  no  definite  report  to  offer  at  the  present 
time,  but  state  that  their  numerous  tests  have  resulted  very  favor- 
ably. 

The  Committee  has  not  been  able  to  directly  investigate  and 
verify  the  success  of  this  interesting  apparatus,  and  is  therefore 
in  position  to  include  only  such  information  as  it  has  obtained 
through  the  channels  mentioned. 

GAS  TURBINE 

The  most  recent  capable  account  of  the  present  status  of  the 
gas  turbine  was  detailed  by  our  esteemed  British  contemporary, 
Dugald  Clerk,  in  a  paper  under  this  heading  delivered  at  the 
Dundee  meeting  (1912)  of  the  British  Association  for  the  Ad- 
vancement of  Science.  The  author  stated  "that  engineers  engaged 
in  the  development  of  the  internal-combustion  engine  have  long 
recognized  that  great  advantages  would  come  from  substituting 
rotary  for  reciprocating  movement,  and  accordingly  many 
attempts  have  been  made  to  produce  a,  commercial  gas  turbine. 
So  far,  no  attempt  has  succeeded,  the  practical  difficulties  having 
proved  too  serious.  Much  useful  knowledge,  however,  has  been 
obtained  by  able  experimenters,  and  we  are  now  in  a  position  to 
consider  the  difficulties  afresh,  with  some  experimental  data  at 
our  disposal." 

The  author  described   the  three  leading  gas  turbines  that 

have  been  developed  and  the  results  obtained  from  them.     The 

entire  development  he  reduced  to  the  following  conclusions : 

"The  existing  internal-combustion  engines  are  quite  satis- 
factory for  small  and  moderate  power  units;  but  the  weight 
increases  so  rapidly  with  increase  of  cylinder  diameter  that  large 
units,  such  as  20,000  hp.  per  shaft,  easily  attained  by  the  steam 
turbine,  have  proved  quite  impossible  for  the  reciprocating  gas 
engine.  To  apply  internal  combusion  for  the  purpose  of  such 
large  units  it  appears  necessary  to  dispense  with  the  cylinder 
piston  and  crank.  I  fear  that  this  cannot  be  done  on  the  lines 
of  either  constant  pressure  or  explosion  turbines  here  briefly  dis- 
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cussed.  The  results  obtained  appear  only  to  show  that  progress 
can  hardly  be  expected  on  the  lines  of  flame  impinging  on  turbine 
blades,  either  in  impulse  or  reaction  turbines.  Several  engineers 
have  suggested  the  use  of  explosion  to  give  water  velocity,  which 
velocity  actuates  a  water  turbine  of  some  form.  Mr.  Humphrey, 
in  his  paper  to  the  Institution  of  Mechanical  Engineers,  figures 
such  a  combined  gas  and  water  turbine ;  and,  although  in  the'  form 
suggested  by  him  the  conditions  required  too  cumbrous  a  machine, 
yet  it  does  seem  that  the  more  hopeful  line  is  to  use  explosion 
and  expansion  to  give  water  velocity,  and  so  avoid  all  heat  diffi- 
culties in  the  turbine  part  of  the  apparatus.  True,  such  an 
arrangement  still  necessitates  a  reciprocating  mass  of  water,  but 
it  will  probably  be  found  that  great  gain  in  weight  can  be  obtained 
by  the  suppression  of  the  piston,  connecting  rod,  engine  frame 
and  crank.  This  line  seems  to  me  to  be  a  much  more  hopeful 
one  than  any  scheme  involving  the  direct  contact  of  flame  with 
turbine  blades." 

THE    ILLUMINATING-GAS    ENGINE 

In  1910  your  Committee  on  Gas  Power  investigated  in 
particular  the  use  of  the  illuminating-gas  engine.  It  has  been 
considered  desirable  after  the  lapse  of  three  years  to  again  give 
some  attention  to  this  subject.  Accordingly,  your  Committee 
selected  several  typical  localities  and  called  for  information  as  to 
the  manner  in  which  the  illuminating  gas  is  now  being  generally 
regarded  by  the  small  user  of  power  in  the  cities. 

Broadly  speaking,  the  returns  show  that  the  number  of 
engines  now  in  use  instead  of  increasing  have  fallen  off  very 
noticeably.  While  the  reports  vary  some,  there  seem  to  be  sev- 
eral contributing  factors,  the  more  important  of  which  are  the 
growing  demand  for  motor  drive,  especially  in  confined  locations, 
on  account  of  its  numerous  advantages,  such  as  reduction  in  the 
cost  of  electric  power,  lower  maintenance  and  less  need  of  atten- 
tion and  supervision. 

GENERAL  HIGH-PRESSURE  TRANSMISSION  AND  DISTRIBUTION  OF 

POWER  GAS 

This  problem  has  hitherto  frequently  attracted  the  attention 
of  power  experts,  but  this  has  never  proceeded  beyond  the  paper 
stage  in  this  country.  It  has  been  proposed  to  gasify  culm  banks 
at  the  coal  mines  and  transport  the  gas  by  pipe  line  to  the  mar- 
kets, but  the  excessive  investment  required  to  install  such  a  system 
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makes  it  at  once  prohibitive.  The  proposition^  however,  has  no; 
been  without  either  warm  advocates  or  financial  support  abroad, 
and,  in  fact,  has  become  a  matter  of  realization  in  the  generation 
and  distribution  of  producer  gas  in  South  Staffordshire,  EnglaxuL 
This  plant  was  first  placed  in  operation  in  1905  and  supplies  an 
area  of  123  square  miles.  Both  the  construction  and  practice 
of  the  plant  have  been  the  subject  of  a  paper  by  H.  A.  Hiunphrcy, 
Esq.,  before  the  Institution  of  Civil  Engineers  (Great  Britain), 
abstracts  of  which  appear  in  the  January  17,  1913,  issue  of  the 
Electrician  (London). 

CONCLUSION 

As  will  be  seen  from  the  above  report,  there  has  been  no 
striking  development  during  the  past  year  in  any  of  the  various 
fonns  of  prime  movers  which  are  applicable  to  central-station  use. 
At  the  same  time  much  thought  is  being  given  to  improving  the 
efficiency  and  reliability  of  steam  turbines  and  water  wheels,  and 
an  earnest  effort  is  being  made  to  develop  an  internally  fired 
heavy-oil  engine.  Much  attention  is  being  devoted  to  raising  the 
efficiency  of  the  boiler  and  the  boiler-room  in  general.  Your 
Committee  has  also  endeavored  to  cover  briefly  the  European 
developments.  In  the  Appendices  are  presented  in  full  a  con- 
siderable number  of  letters  on  various  subjects  by  well-known 
engineers. 

In  conclusion,  the  Committee  desires  to  acknowledge  and  to 
express  sincere  appreciation  of  the  valuable  assistance  received 
from  the  large  number  of  manufacturers,  operating  companies 
and  engineers  who  have  contributed  to  this  report. 

Respectfully  submitted, 

[I.  E.  MouLTROP,  Chairman 
VV.  L.  Abbott 
E.  D.  Dreyfus 
J.  B.  Klumpp 
John  Hunter 
J.  F.  Vaughan 
P.  M.  Downing 
W.  N.  Ryerson 
H.  L.  Coburn 
P.  T.  Hanscom 

O.  B.  COLDWELL 

D.  W.  Mead 
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APPENDIX  A 

THE  KINGSBURY  THRUST  BEARING 

BY   W.    W.   SMITH^   LIEUT.,    U.   S.    NAVY 

(^Extract  from  Journal  of  American  Society  of  Naval  Engineers, 

Vol.  XXIV,  No.  4,  November,  1912) 

(See  Report  on  Turbines,  Hydro-Electric  Sessions, 
pages  100  to  130,  inclusive.) 

APPENDIX  B-1 

WATER-WHEEL  RUNNERS  AND  RUNNER  MATERAL 
BY    ALLIS-CHALMERS    COMPANY 

(See  Report  on  Turbines,  Hydro-Electric  Sessions, 
pages  100  to  130,  inclusive.) 

APPENDIX  B-2 

IN    REGARD   TO    WATER-WHEEL  RUNNERS    AND    RUNNER 

MATERIAL 

(Letter  from  L  P.  Morris  Company) 

(See  Report  on  Turbines,  Hydro-Electric  Sessions, 
pages  100  to  130,  inclusive.) 

APPENDIX  B-3 

WATER-WHEEL  RUNNERS  AND  RUNNER  MATERIAL 
(Letter  from  Viele,  Blackwell  &  Buck) 

(See  Report  on  Turbines,  Hydro-Electric  Sessions, 
pages  100  to  130,  inclusive.) 

APPENDIX  B-4 

IN  REGARD  TO  WATER-WHEEL  RUNNERS  AND  RUNNER 

MATERIAL 

(Letter  from  Wellman-Seaver-M organ  Co.) 

(See  Report  on  Turbines,  Hydro-Electric  Sessions, 
pages  100  to  130,  inclusive.) 
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APPENDIX  B-S 

IN  REGARD  TO  WATER-WHEEL  RUNNERS  AND  RUNNER 

MATERIAL 

(Letter  from  the  Ontario  Power  Co,,  of  Niagara  Fails) 

(See  Report  on  Turbines,  Hydro-Electric   Sessions, 
pages  100  to  130,  inclusive.) 


APPENDIX  C 

EFFICIENCY  TESTS  OF  WATER-WIIEELS  AIH^ER 

INSTALLATION 

BY   PROFESSOR   C.    M.    ALLEN,    WORCESTER    POLYTECHNIC 

INSTITUTE 

(See  Report  on  Turbines,  Hydro- Electric   Sessions, 
pages  100  to  130,  inclusive.) 


APPENDIX  D 

JOHNSON  TYPE  PENSTOCK  VALVE 

(Letter  from  the  IV ellman-S caver  Morgan  Co.) 

(See   Report  on  Turbines.   Hydro- Electric   Sessions, 
pages  TOO  to  130,  inclusive.) 


APPENDIX  E 

OIL  FUEL  AND  ITS  COMBUSTION 

BY  ARTHUR  D.   PRATT,  OF  THE  BABCOCK  &  WILCOX  CO. 

Petroleum  is  practically  the  only  liquid  fuel  sufficiently  abun- 
dant and  cheap  to  be  used  for  the  generation  of  steam.     The  oils 
found  in  the  L'nited  States  are  those  yielding  upon  distillation 
one  (i)  paraffin  and  two  (2)  asphalt.     To  the  first  group  belong 
the  oils  of  the  Appalachian  Range  and  the  middle  west.     These 
are  of  a  dark  brown  color  with  a  greenish  tinge.    Such  a  variety 
of  valuable   light  oil   is  obtained   from   the   distillation   of  this 
group  that  its  use  as  fuel  is  prohibitive  because  of  price.     To  the 
second  group  belong  the  oils  of  Texas  and  California.     These 
vary  in  color  from  a  reddish  brown  to  a  jet  black  and  are  used 
very  largely  for  fuel  purposes. 


There  has  recently  been  introduced  into  the  oil  market  a 
petroleum  from  Mexico  which  also  has  an  asphalt  base.  This  is  a 
heavy  viscous  black  oil,  and  while  it  has  as  yet  been  but  little 
used  it  may  in  the  future  become  an  important  factor  in  this 
field. 

Fig.  No.  lo  gives  the  composition  and  calorific  value  of 
various  oils  from  different  sources. 

The  light  and  easily  ignited  constituents'  of  petroleum,  such 
as  naphtha,  gasoline  and  kerosene,  are  oftentimes  driven  off  by 
a  partial  distillation,  these  products  being  of  greater  value  for 
other  purposes  than  for  use  as  fuel.  This  partial  distillation 
does  not  decrease  the  value  of  petroleum  as  a  fuel;  in  fact,  the 
residuum  known  in  the  trade  as  "fuel  oil"  has  a  slightly  higher 
calorific  value  than  petroleum  and  because  of  its  higher  flash 
point  it  may  be  more  safely  handled.  Statements  made  with 
reference  to  petroleum  apply  as  well  to  this  fuel  oil. 

Many  of  the  oils  contain  a  large  percentage  of  water  and 
silt,  which  is  ordinarily  separated  by  gravity  before  using,  this 
action  being  accelerated  by  heating.  Such  a  separation  may  be 
taken  care  of  in  most  instances  by  providing  sufficient  storage 
capacity  for  the  fuel. 

The  flash  point  of  petroleum  is  the  temperature  at  which 
inflammable  gases  are  given  off.  Information  on  the  definite 
flash  points  of  various  fuels  is  unfortunately  meager,  but  it  is 
nevertheless  a  question  of  importance  in  determining  the  avail- 
ability of  an  oil  for  use  as  fuel.  In  general,  it  may  be  stated 
that  the  light  oils  have  a  low  and  the  heavy  oils  a  high  flash 
point.  A  division  is  sometimes  made  at  oils  having  a  specific 
gravity  of  0.85,  the  flash  point  of  oils  heavier  than  this  being  aboye 
60  degrees  fahr.,  while  those  lighter  have  a  flash  point  below. 60 
degrees  fahr.  The  difficulty  of  handling  oils  with  safety  will 
naturally  increase  as  the  flash  point  is  lowered,  but  there  is  no 
justification  for  the  careless  handling  of  this  fuel  even  when  the 
flash  point  is  known  to  be  high.  When  proper  precautions  are 
taken,  in  general,  the  use  of  oil  as  fuel  is  very  nearly  as  safe  as 
the  use  of  coal. 

Oils  are  frequently  classified  according  to  their  gravity  as 
indicated  on  the  Beaume  hydrometer  scale,  but  such  classification 
can  be  considered  in  no  way  an  indication  of  their  relative  calorific 
value. 


Comparison  of  Oil  and  Coal 

Briefly  summarized,  the  advantages  of  oil  fuel  over  coal  may 
be  stated  as  follows: 


Fig.  io— Table  of  Couposition  and  Calorific  Value  of  Various  Oils 

( 1 )  Oil  being  fed  by  mechanical  means,  the  cost  of  handling 
is  lower  than  the  cost  of  handling  coal. 

(2)  Higher  efficiencies  and  capacities  are  obtainable  with 
oil  than  with  coal.   The  factors  leading  to  this  increased  economy 
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and  capacity  are  the  fact  that  the  combustion  is  more  perfect 
and  may  be  secured  with  excess  air  reduced  to  a  minimum;  the 
furnace  temperature  may  be  kept  practically  constant,  and  there 
is  no  necessity  for  working  or  cleaning  the  fires ;  smoke  may  be 
eliminated  with  the  consequent  increase  in  cleanliness  of  heating 
^^   surfaces. 

(3)  The  intensity  of  the  fire  can  be  almost  instantaneously 
regulated  to  meet  load  fluctuations. 

(4)  For  equal  heat  value  oil  occupies  very  much  less  space 
than  does  coal  and  the  storage  space  may  be  located  at  some 
distance  from  the  boiler  room  without  detriment. 

(5)  There  is  no  loss  in  calorific  value  where  oil  is  stored, 
nor  danger  from  difficulties  arising  from  disintegration  such  as 
follow  if  coal  is  stored  in  quantity. 

(6)  Cleanliness  and  freedom  from  dust  and  ashes  in  the 
boiler  room  lead  to  a  saving  in  wear  and  tear  on  machinery. 

The  disadvantages  of  oil  are: 

(i)  The  requirement  that  the  oil  shall  have  a  reasonably 
high  flash  point  to  minimize  the  danger  of  explosion  and  fire. 

(2)  City  or  town  ordinances  may  impose  conditions  relative 
to  oil  storage ;  that  is,  the  location  and  isolation  of  storage  tanks 
may  make  its  use  as  fuel  out  of  the  question. 

(3)  The  necessity  that  the  boilers  and  furnaces  be  espe- 
cially adapted  to  the  use  of  this  fuel.  When  this  feature  is 
neglected  the  upkeep  cost  of  both  boiler  and  setting  will  be 
higher  than  with  coal  fuel.  Such  an  objection  can  be  entirely 
overcome,,  provided  the  installation  be  entrusted  to  those  expe- 
rienced in  the  field  and  the  operation  of  the  plant  be  placed  in 
the  hands  of  intelligent  labor. 

Many  tables  have  been  published  with  a  view  to  compar- 
ing oil  with  coal.  Such  of  these  as  have  their  basis  on  the  relative 
calorific  values  of  oil  and  coal  are  of  only  limited  value  in  view  of 
the  higher  efficiencies  obtainable  with  oil.  Fig.  11  takes  into 
consideration  this  variation  in  efficiency,  but  is  based  on  a  constant 
calorific  value  for  the  oil.  This  and  tables  of  a  similar  charac- 
ter, while  useful  as  a  rough  guide,  can  be  considered  only  as  a 
most  approximate  basis  for  accurate  comparison.  The  features 
entering  into  such  comparison,  namely,  the  space  available  for 
fuel  storage,  the  facilities  for  conveying  oil  by  pipe  lines,  the 
hours  of  plant  operation,  the  load  factor,  coal  required  for  bank- 
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ing  periods,  etc.,  etc.,  are  often  much  more  important  than  d)e 
relative  cost  of  the  two  fuels  in  determining  the  advisabilitv 
of  an  oil  installation. 

Burning  of  Oil  Fuel 

The  requirements  for  the  successful  burning  of  oil  fui 
together  with  the  factors  necessary  for  the  meeting  of  sudi 
requirements,  may  be  summarized  as  follows: 

(i)  Its  atomization  must  be  thorough,  which  requirement 
is  met  by  the  use  of  a  properly  designed  burner. 

(2)  When  atomized,  the  oil  must  be  brought  into  contact 
with  air  sufficient  for  its  combustion,  and  this  quantity  must  be, 
at  the  same  time,  a  minimum  to  obviate  losses  in  stack  gases. 
Such  a  requirement  is  fulfilled  by  the  introduction  of  air  into 
the  furnace  either  through  a  checker-work  beneath  the  burners 
or  through  openings  around  them  so  arranged  that  a  proper 
distribution  is  secured.  Provision  is  also  necessary  for  the  proper 
controlling  of  the  quantity  of  air  admitted  because  of  variation  in 
furnace  conditions. 

(3)  The  mixture  must  be  burned  in  a  furnace  where  refrac- 
tory material  radiates  heat  to  assist  in  the  combustion,  and  the 
furnace  material  must  be  sncli  as  will  stand  up  under  the  high 
teinperatures  developed. 

(4)  The  combustion  must  be  complete  before  the  gases  come 
in  contact  with  the  heating  surfaces,  otherwise  the  flame  will  be 
extinguished,  possibly  to  ignite  later  in  the  flue  connection  or 
stack.  This  requirement  is  fulfilled  by  the  providing  of  ample 
combustion  space  and  a  gas  travel  of  sufficient  length  to  insure 
that  the  combustion  is  completed  before  the  gases  strike  the  heat- 
ing surfaces. 

(5)  There  must  be  no  localization  of  heat  on  certain  por- 
tions of  the  heating  surfaces  or  difficulties  will  arise  from  over- 
heating and  blistering.  This  feature  must  be  particularly  watched 
where  the  feed  water  available  is  not  of  the  best.  This  require- 
ment is  met  by  the  installation  of  a  suitable  burner  in  connec- 
tion with  the  properly  designed  furnace.  The  burners  must  be 
such  that  the  flames  will  not  impinge  directly  on  the  heating  sur- 
faces and  must  be  so  located  that  such  action  cannot  take  place. 
If  such  burners,  properly  located,  are  not  used,  in  addition  to 
danger  of  localizing  the  heat,  with  disastrous  results,  there  will 
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be  a  decided  loss  in  efficiency  due  to  the  cooling  of  the  gases 
before  combustion  is  completed. 


«fr  cFFicieM^y'  emss  crfKa/Kr  icss  z  %  foit  sriMt  oseo  matcmimc  oil 

HCrr  tMLUE  OF  OIL'  lasoo  O.TU 
OM£  TOM  OF  ca4L  ItEfGMS  ZOOO  fVUf^OS 

twc  BAiiOM  or  OIL  t¥EiG*fS  a  fViMos 

Fio.  II— Table  or  Relative  Value  ok  Coal  and  Oil  Fuel 

Oil  Burners 

The  function  of  an  oil  burner  is  to  atomize  or  vaporize  the 
fuel  in  order  that  it  may  be  burned  in  some  such  manner  as  a 
gas.     There  are  hundreds  of  burners  on  the  market,  but  they  may 
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all  be  classified  in  three  general  groups:  First,  spray  btuncn^ 
in  which  the  oil  is  atomized  by  steam  or  by  cotnpressed  air; 
second,  vapor  burners,  in  which  the  oil  is  converted  into  a  vapor 
and  passed  into  the  furnace ;  third,  mechanical  atomizing  bumciv 
in  which  the  oil  is  atomized  by  purely  mechanical  means. 

Vapor  burners  have  never  been  in  general  use  and  will  not 
be  considered.  Spray  burners  are  the  most  universally  used 
and  the  simplicity  of  the  steam  atomizer  and  the  economy  of  Ac 
better  types,  together  with  the  low  oil  pressures  and  temperatures 
required,  make  this  class  a  favorite  for  stationary  work,  whik 
the  loss  of  fresh  water  is  not  a  vital  consideration.  In  marine 
practise,  or  in  any  plant  where  it  is  advisable  or  necessary  to 
save  feed  that  would  otherwise  have  to  be  added  in  the  form 
of  "make-up,"  either  compressed  air  or  mechanical  means  are 
used  for  atomization.  While  air  atomizers  are  in  successful  opera- 
tion in  many  plants,  their  use  is  not  general.  The  air  burners 
require  blowers,  compressors,  or  other  apparatus  occupying  spaa 
that  might  be  otherwise  utilized  and  require  attention  not  needed 
when  steam  is  used  as  the  atomizing  agent. 

Steam  spray  burners  of  the  early  types  were  at  a  disad- 
vantage in  that  their  design  was  such  as  to  cause  a  tendency  for  the 
nozzle  to  clog  with  sludge  or  coke  formed  by  the  heat  from  the 
oil,  without  provision  for  cleaning.  In  the  modem  designs,  this 
difficulty  has  been  very  largely  overcome.  Steam  atomizing 
burners,  as  now  found,  may  be  divided  into  inside  and  out- 
side mixers.  In  the  former,  the  steam  and  oil  come  into  contact 
within  the  burner  and  the  mixture  is  atomized  by  passing  it 
through  the  burner  nozzle.  In  the  latter  class,  the  steam  flows 
through  a  narrow  slot  or  a  row  of  small  holes  in  the  burner 
nozzle;  the  oil  flows  through  a  similar  slot  or  hole  and  is  picked 
up  by  the  steam  and  atomized.  Successful  burners  of  this  class 
are  so  constructed  that  the  portions  forming  the  orifice  may  be 
replaced  in  case  of  wear  or  if  it  be  desired  to  change  the  form 
of  the  flame.  Most  of  the  steam  atomized  burners  used  to-day  are 
of  the  outside  mixing  class.  These  burners  may  be  further 
divided  into  what  are  known  as  flat  flame  or  round  flame  burners. 

When  burners  of  the  spray  type  are  used,  heating  the  oil 
is  of  advantage  not  only  in  assisting  in  the  atomization  but  also 
in  aiding  economical  combustion.  The  temperature  to  which 
the  oil  may  be  heated  is,  of  course,  limited  by  the  flash  point  of 
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the  oil  used,  but  within  this  limit  there  is  no  danger  of  decom- 
position or  deposit  on  the  supply  pipes.  Such  heating  should  be 
done  close  to  the  boiler  to  avoid  excessive  radiation  losses.  If 
the  temperature  is  raised  to  a  point  where  an  appreciable  vapori- 
i  zation  occurs,  the  oil  will  flow  irregularly  from  the  burner  and 
:    cause  the  flame  to  sputter. 

In  both  steam  and  air  atomizing  burners,  a  by-pass  should 
be  installed  between  the  oil  and  steam  pipes  to  provide  for  the 
blowing  out  of  the  oil-duct.  Strainers  should  be  provided  for 
removing  sludge  from  the  fuel,  and  should  be  so  located  as  to 
allow  for  rapid  cleaning  and  replacing  without  interference  with 
the  operation  of  the  burner. 

Oil  burners  in  which  the  means  of  atomization  is  purely 
mechanical  have  been  in  use  for  some  time  in  European  countries, 
but  their  introduction  into  the  United  States  has  been  but  a  recent 
occurrence,  and  their  use  has  been  largely  limited  to  marine 
practise.  Burners  of  this  design,  like  the  steam  spray  burners, 
are  of  the  flat  flame  and  round  flame  classes.  The  round  flame 
type  here,  however,  has  given  the  best  results,  the  satisfactory 
action  of  the  flat  flame  mechanical  burners  having  been  limited 
as  yet  to  cases  in  which  it  is  necessary  to  burn  small  quantities 
of  oil  only  through  each  individual  burner.  This  system  of  oil 
burning  is  especially  adapted  to  marine  practise,  as  the  quantity 
of  steam  required  to  put  the  oil  under  pressure  is  small  and 
may  be  returned  to  the  system.  Furthermore,  this  method  has 
shown  the  most  satisfactory  results  where  a  forced  blast  is  used 
and  the  marine  practise  of  a  stoke-hole  pressure  lends  itself 
readily  to  such  a  requirement. 

The  only  method  by  which  successful  mechanical  atomization 
has  been  accomplished  is  by  giving  the  oil  a  whirling  motion 
within  the  burner  tip.  This  is  done  either  by  forcing  the  oil 
through  a  passage  of  helical  form  or  by  delivering  it  tangentially 
to  a  circular  chamber  from  which  there  is  a  central  outlet.  The 
oil  is  fed  to  these  burners  under  a  pressure  which  will  vary  with 
the  make  of  the  burner  and  the  rates  at  which  individual  burn- 
ers are  using  oil.  The  oil  particles  fly  oflF  from  such  a  burner 
radially  in  the  form  of  a  cone  rather  than  in  the  form  of  a 
spiral  spray,  as  might  be  supposed. 

With  burners  of  the  mechanical  atomizing  design  the  method 
of  introducing  air  for  combustion  and  the  velocity  of  this  air  are 
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of  the  greatest  importance  in  securing  good  combustion  and  b 
effects  on  the  character  and  shape  of  the  flame.     Such  bumm 
are  located  at  the  front  of  the  furnace  and   various  methods 
have  been  tried  for  introducing  the  air  for  combustion.    Whereas 
in  the  spray  burners  air  is  ordinarily  admitted  through  a  checker- 
work  under  the  burner  proper,  with  the  mechanical   burner  it 
is  almost  universally  admitted  around  the  burner.    Early  experi- 
ments with  these  air  distributers  were  confined  largely  to  singk 
or  duplicate  cones  used  with  the  idea  of  directing  the  air  to 
the  axis  of  the  burner.     A  highly  successful   method  of  sudi 
air  introduction,  developed  by  Messrs.  Peabody  and  Irish,  of  the 
Babcock   &  Wilcox  Co.,   is  by  means  of  what    they   term  an 
**impeller  plate."     This  consists  of  a  'circular  metal  disk,  with 
an  opening  at  the  center  for  the  oil  burner   and    with  radial 
metal   strips   from   the  center  to   the  periphery    turned   at  an 
angle,  which,  in  the  later  designs,  may  be  altered  to  give  the 
air  supply  demanded  by  the  rate  of  combustion.      The  air  so 
admitted  does  not  necessarily  require  a  whirling  motion,  but  ex- 
periments show  that  where  the  air  is  brought  into  contact  with 
the  oiled   sprays   with   the   right   "twist"  better    combustion  is 
secured  and  lower  air  pressure  with  less  refinement  in  the  adjust- 
ment of  individual  burners  is  required. 

Mechanical  burners  have  a  distinct  advantage  over  those  in 
which  steam  is  used  as  the  atomizing  agent  in  that  they  lend 
themselves  more  readily  to  adjustment  under  wider  variations  of 
load.  As  will  be  noted  later  under  '^Capacity  of  Burners,"  for 
a  given  horse  power  there  will  ordinarily  be  installed  a  much 
greater  number  of  mechanical  than  steam  atomizing  burners. 
This  in  itself  is  a  means  to  better  regulation,  for,  if  one  of  a 
number  of  steam  atomizing  burners  is  shut  off,  there  is  a  marked 
decrease  in  efficiency.  This  is  due  to  the  fact  that  when  air  is 
admitted  under  the  burner  it  is  ordinarily  passing  through  the 
checker-work,  regardless  of  whether  it  is  being  utilized  for  com- 
bustion or  not.  With  a  mechanical  burner,  on  the  other  hand, 
when  individual  burners  are  shut  off,  air  that  would  be  admitted 
for  such  a  burner,  were  it  in  operation,  may  also  be  shut  off  and 
there  will  be  no  undue  loss  from  excess  air. 

Further  adjustment  to  meet  load  conditions  is  possible  by  a 
change  in  the  oil  pressure  acting  on  all  burners  at  once.  A 
good  burner  will  atomize  moderately  heavy  oil  with  an  oil  pres- 
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v.sure  as  low  as  30  lb.,  and  from  that  point  up  to  200  lb.  or 
-;.  above.    The  heating  of  the  oil  also  has  an  effect  on  the  capacity 
.^  of  individual  burners,  and  in  this  way  a  third  method  of  adjust- 
i,  tnent    is   given.     Under   working   conditions,   the   oil    pressure 
.  remaining  constant,  the  capacity  of  each  burner  will  decrease 
.  as  the  temperature  of  the  oil  is  increased,  although  at  low  tem- 
perature the  reverse  is  the  case.     Some  experiments  with  a 
Texas  crude  oil  having  a  flash  point  of  210  degrees  showed  that 
the  capacity  of  a  mechanical  atomizing  burner  of  the  Peabody 
type  increased  from  80  deg.  to  1 10  deg.  fahr.,  from  which  point 
it   fell  off  rapidly  to  140  deg.,  and  then,  more  slowly,  to  the 
flash  point. 

These  various  methods,  together  with  the  regulation  possible 
through  manipulation  of  the  boiler  dampers,  indicate  the  wide 
range  of  load  conditions  that  may  be  handled  with  an  installa- 
tion  of  this  class  of  burners. 

As  has  already  been  stated,  results  with  mechanical  atomiz- 
ing burners  that  may  be  considered  very  successful  have  been 
limited  almost  entirely  to  cases  where  forced  blast  of  some 
description  has  been  used,  the  high  velocity  of  the  entering  air 
being  of  material  assistance  in  securing  the  proper  mixture  of 
air  with  the  oil  spray.  Much  has  been  done  and  is  being  done 
in  the  way  of  experiment  with  this  class  of  apparatus  toward 
developing  a  successful  mechanical  atomizing  burner  for  use 
with  natural  draft,  and  there  appears  to  be  no  reason  why  such 
experiments  should  not  eventually  produce  satisfactory  results. 

Steam  Consumption  of  Burners 

The  Bureau  of  Steam  Engineering,  U.  S.  Navy,  made  in 
1 90 1  an  exhaustive  series  of  tests  of  various  oil  burners  that 
may  be  considered  as  representing,  in  so  far  as  the  performance 
of  the  burners  themselves  is  concerned,  the  practice  of  that  time. 
These  tests  showed  that  a  burner  utilizing  air  as  atomizing  agent, 
required  for  compressing  the  air  from  1.06  to  7.45  per  cent  of  the 
total  steam  generated,  the  average  being  3.18  per  cent.  Four 
tests  of  the  steam  atomizing  burners  showed  a  consumption  of 
from  3.98  to  5.77  per  cent  of  the  total  steam,  the  average  being 
4.8  per  cent. 

Improvement  in  burner  design  has  largely  reduced  the  steam 
consumption,  although  to  a  greater  degree  in  steam  than  in  air 
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atomizing  burners.  Recent  experiments  show  that  a  good  stea 
atomizing  burner  will  require  approximately  2  per  cent  of  \ 
total  bteam  generated  by  the  boiler,  operated  at  or  about  ti 
rated  capacity.  This  figure  will  decrease  as  the  capacity  is  iih 
creased  and  is  so  low  as  to  be  practically  negligible,  except  ii 
cases  where  the  question  of  feed  water  is  all  important.  That 
are  no  figures  available  as  to  the  actual  steam  consumptioo  o{ 
mechanical  atomizing  burners,  but  apparently  they  require 
approximately  0.25  per  cent  of  the  total  steam.  This  reqlliI^ 
ment,  however,  is  to  be  understood  as  entirely  apart  from  the 
steam  constmiption  of  the  apparatus  producing  the  forced  tdasL 

Capacity  of  Burners 

A  good  steam  atomizing  burner  properly  located  in  a  well- 
designed  oil  furnace  has  a  capacity  of  somewhat  over  400  hf. 
This  question  of  capacity  of  individual  burners  is  largely  one 
of  the  proper  relation  between  the  number  of  burners  used  and 
the  furnace  volume.  In  some  recent  tests  with  a  Babcock  & 
Wilcox  boiler  of  640  rated  horse  power,  equipped  with  three 
burners,  approximately  1350  hp.  were  developed  with  an  avail- 
able draft  of  0.55  in.  at  the  damper,  or  450  hp.  per  burner. 
Four  burners  were  also  tried  in  the  same  furnace,  but  the  total 
steam  generated  did  not  exceed  1350  hp.,  or,  in  this  instance,  338 
hp.  per  burner. 

From  the  nature  of  mechanical  atomizing  burners,  individual 
burners  have  not  as  large  a  capacity  as  the  steam  atomizing 
class.  In  some  tests  on  a  Babcock  &  Wilcox  marine  boiler 
equipped  with  mechanical  atomizing  burners,  the  maximum 
horse  power  developed  per  burner  was  approximately  105,  Here 
again  the  burner  capacity  is  largely  one  of  proper  relation 
between  furnace  volume  and  number  of  burners. 

Furnace  Design 

In  the  burning  of  oil  fuel  it  is  the  furnace  design  upon 
which  the  greatest  importance  is  to  be  placed.  Provided  a  good 
type  of  burner  is  adopted,  the  furnace  arrangement  and  the 
method  of  introducing  air  for  combustion  are  the  all-important 
factors  entering  into  the  results  that  may  be  expected.  No  matter 
what  the  type  of  burner,  satisfactory  results  catmot  be  secured 
from  a  furnace  not  suited  for  this  class  of  fuel. 
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Experiment  has  shown  that  the  best  results  are  to  be  ex- 
where  ample  combustion  space  is  provided  and  where 
oil  is  introduced  into  the  furnace  in  the  direction  in  which 
it   increases  in  height.     Such  an  increase  in  furnace  volume  in 
the  direction  of  the  flame  insures  free  expansion  and  a  thorough 
mixture  of  the  oil  with  the  air,  with  the  consequent  complete 
combustion  of  the  gases  before  the  heating  surfaces  are  encoun- 
tered.    In  such  a  furnace  where  steam  atomization  is  used,  a  flat 
flame  burner  will  give  by  far  the  better  results.     A  round  flame 
steam  atomizing  burner  has  a  tendency  toward  a  long  conical 
flame  with  which  there  is  danger  of  impinging  on  the  heating 
surfaces.     Owing  to  the   complete   atomization   and  the   lower 
velocity  of  projection  secured  with  the  round  flame  mechanical 
atomizing  burner,  there  is  no  particular  danger  from  such  a 
cause,  and  this  class  readily  lends  itself  for  installation  in  a 
furnace  of  such  form.     The  methods  of  admitting  air  for  com- 
bustion in  the  furnace  have  already  been  covered.     The  burners 
must  be  so  located  that  the  flames  from  individual  burners  do 
not  interfere   with   each  other  and  do  not  strike  on   the  side 
furnace  walls.     Such  an  arrangement  of  burners  is  necessary' 
to  insure  an  even  distribution  of  heat  over  the  full  width  of 
the  furnace.     In  stationary  boilers,  the  best  results  up  to  the 
present  time  have  been  secured  with  steam  atomizing  burners 
placed  at  the  rear  of  the  furnace,  projecting  the  flame  toward 
the  boiler  front.     When   so  located,  the  burners  are  operated 
from  the  front  of  the  boiler,  where  peepholes  should  be  provided 
through  which  the  operator  may  watch  the  flame  while  regulating 
the  burner.     The  checker-work  or  fire  brick  under  the  burners, 
through    which    air    for  combustion    is    admitted,    must   be   so 
arranged  as  to  secure  the  proper  economical  results. 

With  steam  atomizing  burners  introduced  through  the  front 
of  the  boiler  in  stationary  practise,  it  is  usually  in  the  direction 
in  which  the  furnace  decreases  in  height,  and  it  is  with  this 
arrangement  that  difficulties  through  the  loss  of  tubes  may  be 
expected.  With  such  an  arrangement,  the  flame  may  impinge 
directly  upon  the  tube  surfaces  and  tube  troubles  from  this 
source  may  arise,  particularly  where  the  feed  has  a  tendency 
toward  rapid  scale  formation.  Such  difficulties  may  be  the 
result  of  a  blow-pipe  action  on  the  part  of  the  burner,  the  over- 
heating of  the  tube,  due  to  oil  or  scale  within,  or  to  the  actual 
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erosion  of  the  metal  by  particles  of  oil  improperly  atomized. 
Such  action  need  not  be  anticipated,  provided  the  oil  is  buned 
with  a  short  flame.  The  flames  from  mechanical  atomiziif 
burners  have  a  less  velocity  of  projection  than  those  from  steao 
atomizing  burners,  and  if  introduced  into  the  higher  end  of  tbe 
furnace,  should  not  lead  to  tube  difficulties,  provided  they  arc 
properly  located  and  operated.  This  class  of  burner  will  abo 
give  the  most  satisfactory  results  if  introduced  in  the  directioo 
of  increase  of  furnace  volume.  This  is  perhaps  best  exemplified 
by  the  very  good  results  secured  with  mechanical  atomizing  bur- 
ners and  Babcock  &  Wilcox  marine  boilers,  in  which,  due  to  the 
fact  that  the  boilers  are  fired  from  the  low  end,  burners  intro- 
duced through  the  front  are  in  such  direction. 

Air  Supply 

From  the  nature  of  this  fuel  and  the  methods  of  its  burning 
the  quantity  of  air  for  combustion  may  be  minimized.  In  a  test 
with  California  crude  oil,  where  the  highest  authentic  efficiency 
with  this  fuel  was  obtained,  the  ratio  of  air  supplied  to  thai 
theoretically  required  was  but  1.18  to  i.  A  slight  variation  in 
air  supply  with  oil  fuel,  however,  will  affect  furnace  conditions 
to  a  much  greater  extent  than  the  same  variation  when  coal  \s 
used,  and  for  this  reason  it  is  essential  that  flue  gas  analyses 
be  made  frequently.  With  the  air  for  combustion  properly  regu- 
lated by  adjustment  of  check-work  or  whatever  device  is  used  for 
its  admissfon,  and  for  the  boiler  damper  properly  set,  a  flue  gas 
analysis  should  show  for  good  furnace  conditions  between  13 
and  14  per  cent  of  COg,  with  either  no  CO  or  but  a  trace.  It 
is  oftentimes  difficult,  in  the  operation  of  a  plant,  to  regulate  the 
steam  supply  to  the  burners  and  the  damper  position  to  meet 
constant  variation  in  load.  A  device  has  been  patented  which 
automatically  regulates,  by  means  of  the  boiler  pressure,  the 
])ressure  of  the  steam  to  the  burners,  the  oil  to  the  burners  ami 
the  position  of  the  boiler  damper.  Such  a  device  has  been 
shown  to  give  good  results  in  plant  operation  where  hand  regu- 
lation is  difficult  at  best,  and  in  many  instances  is  unfortunately 
not  even  attempted. 

EIHcicncies  and  Capacities  tvith  Oil  Fuel 

Reference  has  already  been  made  to  the  highest  authentic 
oftlcieiicy  secured  in  the  burning  of  oil.    This  was  secured  during 
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P^'  a  series  of  tests  made  by  Dr.  D.  S.  Jacobus  at  the  Redondo  Plant 
-of  the  Pacific  Light  &  Power  Co.,  and  was  slightly  in  excess  of 
^  83  per  cent  gross.     This  efficiency,  while  never  exceeded,  has 
^'  been  frequently  approached  in  oil-fired  plants. 
i  In  some  recent  tests  on  stationary  boilers  where  the  capacity 

i  was  limited  entirely  by  the  draft  available,  there  was  no  diffi- 
'  culty  in  securing  200  per  cent  of  the  boiler  rated  capacity  with 
but  0.5  in.  draft  at  the  boiler  damper.  The  question  of  capacity 
is  largely  one  of  furnace  volume,  and  with  mechanical  atomizing 
burners  which  have  a  smaller  capacity  per  burner  than  the  steam 
atomizer,  and  in  this  way  utilize  the  furnace  volume  to  the 
best  advantage,  an  evaporation  per  square  foot  of  heating  sur- 
face in  Babcock  &  Wilcox  marine  boilers  has  been  secured  cor- 
responding to  over  450  per  cent  of  rating  on  the  customary  sta- 
tionary rated  capacity  of  a  boiler,  or  over  15.5  lb.  of  water  from 
and  at  212  deg.  per  hr.  per  sq.  ft.  of  heating  surface. 

With  steam  atomizers  the  capacity  is  limited  by  the  arrange- 
ment for  introducing  air  into  the  furnace.  Such  an  arrange- 
ment has  to  be  adjusted  to  give  high  efficiencies  at  reasonable  or 
expected  overloads,  and  for  this  reason  will  not  admit  sufficient 
air  to  give  an  overload  corresponding  to  that  just  quoted.  With 
j4-in-  draft  at  the  damper  there  should  be  no  difficulty  in  obtain- 
ing 250  per  cent  of  a  boiler's  rated  capacity  with  steam  atomizer 
burners  and  a  good  efficiency  at  lower  loads.  It  is  interesting  to 
note  that  the  efficiency  at  the  450  per  cent  of  rating  just  men- 
tioned was  69.3  per  cent. 

Burning  Oil  in  Connection  zvith  Other  Fuel 

Considerable  attention  has  recently  been  given  to  the  burning 
of  oil  as  an  auxiliary  fuel.  Experience  has  shown  that  the 
best  results  are  not  to  be  expected  where  an  attempt  is  made  to 
burn  two  fuels  in  one  furnace,  as  complete  combustion  of  the 
volatile  hydrocarbons  becomes  more  difficult,  and  one  fuel  inter- 
feres  with  the  other.  An  oil  spray  injected  over  a  coal  fire  is 
undoubtedly  a  means  of  increasing  the  capacity  of  the  boiler, 
but  as  it  is  accompanied  by  enormous  loss  in  efficiency,  is  not 
to  be  recommended.  When  burned  in  separate  furnaces,  how- 
ever, under  opposite  ends  of  a  boiler,  the  most  satisfactory  results, 
both  as  to  capacity  and  economy,  have  been  secured  by  a  com- 
bination of  oil  and  coal  and  oil  and  wood.     These  combination 
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furnaces  have  Iseen  used  most  largely  in  stand-by  plants  or 
plants  where  the  regular  supply  of  fuel  is  liable  to  intermpboil 

Stacks  for  Oil  Fuel 

A  word  as  to  stack  sizes  for  this  class  of  fuel  may  m 
be  out  of  place.  With  oil,  it  has  been  pointed  out  that  the  exos' 
air  is  at  a  minimum.  This,  resulting  in  a  decrease  in  volume  ot 
gas  for  a  given  boiler  capacity,  decreases  the  frictional  lossoi 
the  gases  through  the  boiler  and  stack.  Such  a  decrease  in  fric- 
tional loss  is  partly  offset  by  the  loss  in  head  of  the  gases  doe 
to  the  decrease  in  exit  temperatures  that  will  be  found.  The 
draft  loss  through  the  fuel  bed  will,  to  a  large  extent,  be  dim- 
inated,  the  loss  at  this  point  being  limited  to  the  frictional  resis- 
tance offered  to  the  air  by  the  checker-work.  These  factors, 
aflFecting  as  they  do  the  intensity  of  the  draft,  bear  directly  oi 
the  height  of  stack  to  be  used.  The  smaller  volume  of  the 
gases  reduces  the  cross-sectional  stack  area  necessary.  It  is 
generally  assumed  that  this  area  will  vary  directly  as  the  volumt 
of  gas  to  be  handled  with  oil.  The  volume  of  gas  will  be  approx- 
imately 60  per  cent  of  the  same  volume  were  coal  to  be  used, 
and  stacks  for  oil  fuel  should,  therefore,  have  approximately  60 
per  cent  of  the  cross-sectional  area  of  stacks  for  coal-fired  boil- 
ers of  a  given  capacity. 

In  determining  the  height  of  the  stack  to  be  furnished  there 
are  two  aspects  from  which  the  subject  must  be  considered.  It  is 
essential,  with  the  high  temperatures  found  in  a  furnace  using 
this  fuel,  that  a  draft  suction  be  maintained  througfhout  the  boiler 
setting  under  any  and  all  load  conditions.  This  is  necessary  sim- 
ply from  the  viewpoint  of  protecting  the  boiler  brickwork.  On 
the  other  hand,  if  more  draft  is  supplied  than  is  needed  for  the 
best  economical  results,  there  is  a  tendency  on  the  part  of  opera- 
tors toward  maintaining  a  constant  gas  flow  through  the  boiler, 
regardless  of  the  rate  at  which  it  is  being  operated.  This  natn- 
rally  leads  to  an  excess  of  air  at  light  loads. 

It  is  evident,  therefore,  that  the  stack  height  should  be 
such  as  will  give  ample  draft  with  the  boilers  operating  at  tiie 
maximum  load  they  will  be  called  upon  to  carry,  but  with  this 
maximum  draft  requirement  determined,  a  stack  such  as  will 
give  more  than  this  amount  will  tend  toward  a  decrease  in  effi- 
ciency at  lower  loads.     This  question  of  variation  of  draft  with 
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';^  fluctuating  loads  is  best  handled  by  means  of  some  such  auto- 
*  matic  device  as  has  already  been  described. 

In  closing,  it  may  be  of  interest  to  give  the  results  of  some 
recent  experiments  in  getting  up  steam  from  a  cold  boiler  with 
^  oil  fuel.  A  640-hp.  Babcock  &  Wilcox  boiler  was  used  in  these 
■"  experiments.  The  temperature  of  the  water  in  the  drum  in  the 
first  test  was  93  deg.  Steam  was  raised  and  the  boiler  cut  into 
the  line  in  28  min.  after  the  oil  fires  were  lit.  Three  minutes 
after  the  boiler  was  cut  in,  a  steam  flow  meter  showed  it  to  be 
operating  at  180  per  cent  of  its  rated  capacity.  In  a  second  test 
of  the  same  nature,  from  a  temperature  of  water  in  the  drum 
of  170  deg.,  steam  was  raised  and  the  boiler  cut  into  the  line  in 
23  min.,  the  steam  meter  indicating  that  it  was  developing 
23  per  cent  of  its  rated  capacity  five  minutes  after  being  cut  in. 


APPENDIX  F-1 

SPECIFICATIONS  FOR  INTERNAL-COMBUSTION  ENGINE 

FUELS 

BY  IRVING  C.  ALLEN 

(Abstracted  from  paper  read  at  the  December,  1912,  meeting  of 

tJie  A,  S.  M.  E,) 

The  consensus  of  opinion  seems  to  be  that  an  oil  to  burn 
with  success  in  heavy-oil  engines  should  possess  the  following 
characteristics : 

(a)  Solidifying  Point.  The  oil  should  be  fluid  at  o  deg. 
cent.  If  it  be  heavy  or  viscous  or  contain  a  considerable  portion 
of  asphaltum  or  paraffin,  it  will  become  sluggish  and  stiff  at 
low  temperatures,  and  it  will  be  necessary  to  use  considerable  heat 
to  warm  it  before  it  can  be  run  into  the  system. 

(b)  Fluidity.  Sluggish  oils  should  first  be  heated  before 
being  introduced  into  the  engine.  If  it  be  necessary  to  use  very 
heavy  oils,  the  engine  should  first  be  warmed  with  a  more  fluid 
fuel,  and  the  heavy  oil  introduced  only  after  the  engine  is  hot 
and  running  well.  This  process  should  be  reversed  when  shutting 
down,  and  the  heavy  oils  washed  out  of  the  engine  valves  and 
pipes  with  a  lighter  oil  by  running  a  short  while  on  these  lighter 
oils  before  allowing  the  engine  to  become  cold. 
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(c)  Tarrying  Content.    An  oil  should  contain  not 
than  4  per  cent  of  material  insoluble  in  xylol,  as  a  larger  pn-j 
portion   of  insoluble  material   will   tend   to    form    coke  in  ftt 
cylinders.     (Ten  grams  of  the  sample  mixed  with  lo  c.c.  ofxyVt 
shaken  and  filtered  should  not  show  more   than   0.04  inatal 
on  the  filter.) 

(d)  Coke  Residue.  The  residue  on  coking  should  notk^ 
greater  than  3  per  cent.  A  high  asphaltum  or  free  carbon  coo- 
tent  will  give  considerable  trouble  by  coking  in  the  cylinders. 

(e)  Free  Carbon  Content.  There  should  be  not  mon 
than  a  trace  of  free  carbon  in  the  oil,  as  this  tends  to  stop  the 
valves  and  carbonize  on  the  surfaces  of  the  cylinders. 

(f)  Volatility.  At  least  80  per  cent  should  distill  over 
at  350  ileg.  cent.  (662  deg.  fahr.),  for  greater  than  20  percent 
residue  at  this  temperature  will  show  a  large  carbon  content  b} 
coking. 

(g)  Distillation.  Heavy  oils  and  residues,  although  they 
may  be  successfully  burned  in  a  heavy-oil  engine,  should  prc»perh 
first  be  distilled  (not  refined)  before  using,  as  it  is  cheaper  to 
prepare  the  oil  before  introducing  it  into  the  engine  than  it  is 
to  dismantle  the  engine  or  part  of  it  for  cleaning". 

(h)  Flash  Point.  The  flash  point  should  be  between  6ij 
and  100  deg.  cent.  (140  and  212  deg.  fahr.)  (Abel-Pensky 
closed  tester).  A  small  portion  of  flashy  material  is  required 
to  insure  ignition. 

(i)  Incinerating  Oil.  In  general,  a  heavy  oil  containing: 
no  flashy  material  should  be  enlivened  by  about  2  per  cent  of  a 
gas  oil,  flash  point  60  to  100  deg.  cent.,  or  less,  by  mixing  before 
introducing  into  the  cylinders. 

(j)  Specific  Ciravity.  The  specific  gravity  in  itself,  al- 
ihoiii^h  of  little  significance,  should  not  be  greater  than  oo^t^ 
(7.(^7  lb.  per  gal.),  as  beyond  this  gravity  the  larjq^e  proportion 
of  heavy  residual  material  would  give  trouble  in  the  engine.  In 
general,  the  boiling  point  or  distilling  proportion  is  of  more 
importance. 

fk)  Calorific  Value.  The  pound-calories  should  not  be 
less  than  9000  (16,200  B.  t.  u.  per  pound),  and  the  hydrogen  con- 
tent not  less  than  10  per  cent,  as  lower  values  are  approaching 
the  value  of  pure  carbon  and  will  give  poor  combustion. 

(1)  Sulphur  Context.  The  sulphur  content  should  not  be 
more  than  0.75  per  cent,  as  a  greater  proportion  will  attack  the 
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cylinder  walls  and  will  tend  to  pit  them,  making  them  rough. 
Brass,  zinc  and  copper  are  to  be  avoided  in  the  surfaces  exposed 
to  combustion.  Nickel  steel  seems  to  be  the  best  resistant  material. 

(ni)  Acidity  and  Alkalinity  Content.  The  oil  should 
contain  no  free  ammonia,  alkalies  or  mineral  acids,  because  of 
their  pitting  effect  on  the  surfaces  exposed  to  the  combustion. 

(n)  Ash  Content.  It  should  contain  not  more  than  0.05 
per  cent  of  non-combustible  mineral  matter,  as  this  tends  to 
hasten  carbonization  within  the  cylinders  and  prevent  proper 
combustion. 

(o)  Water  Content.  A  water  content  should  not  be 
greater  than  i  per  cent. 

(p)  Resin  Content.  The  resin  content  should  be  low,  as 
resins  have  a  tendency  to  carbonize  readily  and  will  coke  the 
cylinders. 

(q)  Creosote  Content.  Creosotes  up  to  12  per  cent, 
although  smoking  to  some  extent,  can  be  burned ;  a  higher  per- 
centage gives  trouble  in  coking. 

(r)  Paraffin  Content.  A  paraffin  content  above  15  per 
cent  will  give  some  trouble.  A  higher  percentage  of  paraffin,  be- 
cause of  the  large  quantity  of  oxygen  necessary  for  complete 
combustion,  will  burn  with  difficulty. 

(s)  Asphaltum  Content.  It  must  be  remembered  that 
the  heavy-oil  engine,  at  least  as  far  as  asphaltum  oils  are  con- 
cerned, is  still  in  its  experimental  stage,  but  it  will  not  be  unfair 
to  assume  that  when  the  engineering  difficulties  are  surmounted 
it  will  be  practicable  to  burn  any  fuel  oil  containing  asphaltum 
that  is  sufficiently  fluid  to  flow,  providing  it  be  free  from  solid 
matter  and  water.  An  oil  containing  21  per  cent  asphaltum 
has  been  successfully  burned. 

(t)  Atomization.  Fine  atomization  is  essential,  for  if  the 
fuel  enter  the  cylinder  in  drops  of  appreciable  size,  being  able 
to  bum  only  from  their  surfaces,  there  will  not  be  time  for 
complete  combustion.  The  fuel  will  consequently  strike  the  sides 
of  the  cylinders  and  the  piston  head,  carbonize  there  and  coke 
the  cylinders. 

lubricants 

It  is  important  to  examine  carefully  the  lubricating  oils  for 
use  in  cylinders  and  pumps. 

11—16 
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(a)  Viscosity.  The  viscosity  should  be  between  9  and  10 
deg.  (Engler)  at  50  deg.  cent.  An  oil  of  a  much  lighter  vis- 
cosity would  tend  to  burn,  while  one  of  heavier  viscosity  wouW 
not  give  as  good  lubrication. 

(b)  Solidifying  Point.  The  oil  should  be  liquid  at  -5  deg. 
cent.  (23  deg.  fahr.)  and  should  not  freeze  solid  above  -10  deg. 
cent.  (14  deg.  fahr.). 

(c)  Flash  Point.  The  flash  point  should  be  between  220 
to  240  deg.  cent.  (428  to  646  deg.  fahr.). 

(d)  Carbonization.  When  agitated  with  concentrated 
sulphuric  acid  the  oil  should  not  lose  more  than  10  per  cent  by 
carbonization.  This  sulphuric  acid  test  gives  an  indication  of  the 
quantity  of  unsaturated  hydrocarbons  present. 

(e)  Solubility.  The  oil  should  dissolve  completely  and 
clearly  in  benzine. 

(f)  Acidity.  It  should  be  free  from  acids  and  alkalies,  as 
these  pit  the  cylinders,  and  free  from  resins  and  fats,  as  these 
saponify. 

(g)  Animal  and  Vegetable  Oils.  Because  of  their  ten- 
dencv  to  decompose,  animal  and  vegetable  oils  should  not  be 
used. 

Note:  These  specifications  are  being  made  the  subject  of  an 
extensive  Government  Bulletin  technical  paper,  No.  yj^  prepared 
by  Irving  C.  Allen. 


APPENDIX  F-2 

i-UKOlMCAN  SPiaiMCATlONS 

{I'l'om  "liti'^inccrin^i^,"  March  22,   1912) 

rillC    DIICSKL  OIL   ENCilNK 

BY   DR.    RUDOLPH  DIESEL 

Tlic  Swiss  Testing  Laboratory  at  the  University  of  Zurich, 
under  the  cliroclion  of  Professor  Constam,  decided  to  undertake 
ihe  examination  of  the  qualities  and  composition  of  all  liquid 
fuels  which  can  be  used  for  Diesel  engines.  These  researches 
inchided  the  following  points; 
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On  the  physical  properties,  such 

(a)  Properties  when  cold; 

(b)  Properties  on  heating  (boiling  analysis) 


2    Chemical  properties,  such 

(a)  Chemical  constituents; 

(b)  Percentage  of  H,0  and  ash ; 

(c)  Calorific  power. 

This  laboratory  is  destined  to  become  a  center  for  the 
p'estigation  of  fuels  for  Diesel  engines  on  account  of  the  per- 
:tion  of  its  equipment,  the  accuracy  of  its  work  and  the  excel- 
ice  of  its  management.  The  laboratory  intends  to  publish  from 
ne  to  time  exhaustive  reports  of  its  researches. 

From  tests  and  examinations  already  made,  power  oils  have 
en  divided  into  the  following  three  classes : — 

1     Normal  oils  which  can  always  be  used — 


(a)  Mineral  oils  freed 
from  benzine  (gas 
oils). 


(b)     Lignite  tar-oils. 


Hydrogen  over   lo  per  cent. 
Calorific  power  per  lb.  over 

i8,ooo  B.  t.  u., 
No  solid  impurities. 

Hydrogen  over  lo  per  cent. 
Calorific  power  per  lb.  over 
17,500  B.  t.  u. 


( c )  Fat  oils  from  veg-  ^ 
etable  or  animal 
sources,  such  as 
earth-nut  oil,  cas- 
tor-oil, fish- oils, 
etc. 


Calorific   power   per   lb.  over 
15,500  B.  t.  u. 


2    Oils  which   can  be  used  only  with   the  aid  of  special 
^aratus — 

(a)  Pit  coal-tar  oil; 

(b)  Vertical-oven,  water-gas,  and  oil-gas  tars,  prob- 
ably also  coke-oven  tars,  the  tests  on  which  have 
not  yet  been  completed. 
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General  characteristics:  \ 

Hydrogen  not  over  3  per  cent; 
Amount  of  free  carbon  not  over  3  per  cent ; 
Residue  on  coking  not  over  3  per  cent; 
Calorific  power  not  under  15,500  B.  t  u.  per  lb. 

3     Oils  which  cannot  be  used — 

Tars  from  horizontal  or  inclined  retorts. 

It  must  not  be  understood  that  these  will  not  be  used 
in  Diesel  engines  under  special  conditions ;  but,  on  the 
whole,  the  above  classification  is  accurate  in  the  present 
state  of  development  of  the  Diesel  engine. 

It  is  evident  that  for  estimating  the  value  of  power  oils,  not 
only  the  above  qualities,  but  all  their  chemical  and  physical  prop- 
erties must  be  considered,  which  is  possible  only  after  a  thorough 
investigation  of  each  kind  of  oil. 

APPENDIX  F-3 

SPECIFICATION  OF  TAR  OIL  SUITABLE  FOR  DIESEL  ENGINES 
{From  the  German  Tar-Production  Trust  at  Essen-Ruhr) 

1  *Tar  oils  should  not  contain  more  than  a  trace  of  constitu- 
ents insoluble  in  xylol.     The  test  on  this  is  performed  as  fol- 
lows:   25  grammes  (0.88  oz.  av.)  of  oil  are  mixed  with  25  cub. 
cm.  r  1.525  cub.  in.)  of  xylol,  shaken  and  filtered.     The  filtered 
paper  before  being  used  is  dried  and  weighed,  and  after  filtra- 
tion has  taken  place  it  is  thoroughly  washed   with  hot  xylol - 
After  re-drying,  the  weight  should  not  be  increased  by  more  tha^n 
0.1  gramme. 

2  The  water  contents  should  not  exceed  i  per  cent.  Th»^ 
testing  of  the  water  contents  is  made  by  the  well-known  xyl^^' 
method. 

3  The  residue  of  the  coke  should  not  exceed  3  per  cent. 

4  When  performing  the  boiling  analysis,  at  least  60  p^^ 
cent  by  volume  of  the  oil  should  be  distilled  on  heating  up  to  iC<> 
deg.  cent.  The  boiling  and  analysis  should  be  carried  out  accord' 
ing  to  the  rules  laid  down  by  the  Trust. 

5  The   minimum   calorific  power  must   not   be   less  than 
15,850  B.  t.  u.  per  lb.     For  oils  of  less  calorific  power  the  puf 
chaser  has  the  right  of  deducting  2  per  cent  for  each  180  B.  t.  u 
below  this  minimum. 
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6  The  flash  point,  as  determined  in  an  open  crucible  by  Von 
Ilolde's  method  for  hibricating^  oils,  mnst  not  be  below  65  deg. 
cent. 

7  The  oil  must  be  quite  fluid  at  15  deg.  cent.  The  pur- 
chaser has  not  the  right  to  reject  oils  on  the  ground  that  emul- 
sions appear  after  five  minutes'  stirring  when  the  oil  is  cooled  to 
8  deg. 

Purchasers  should  be  urged  to  fit  their  oil-storing  tanks  and 
oil-pipes  with  warming  arrangements  to  re-dissolve  emulsions 
caused  by  the  temperature  falling  below  15  deg.  cent. 

8  If  emulsions  have  been  caused  by  the  cooling  of  the  oils 
in  the  tank  during  transport,  the  purchaser  must  re-dissolve  them 
by  means  of  this  apparatus. 

Insoluble  residues  may  be  deducted  from  the  weight  of  oil 
supplied." 

APPENDIX  G 

GAS  POWER  SITUATION  IN  EUROPE 
(Extracts  from  Report  by  H.  J.  K.  Freyn,  Cons.  Eng. 

Allis-CIialmers  Co,) 

Relating  to  the  present  status  of  gas  power  in  Europe,  it  was 
found  that  the  use  of  such  power  is  continually  on  the  increase. 
Last  year  four  or  dye  of  the  largest  gas  engine  manufacturers 
in  Germany  were  building  at  the  rate  of  120  engines  per  year  of 
not  less  than  1200  hp.  each.  They  are  turning  out  about  four 
large  engines  per  day.  This  condition  is  in  strong  contrast  to 
that  in  the  United  States  and  is  largely  due  to  the  fact  that 
long  experience  has  proven  the  reliability  and  economy  of  the  blast 
furnace  and  coke  oven  gas  engines  as  built  in  Germany,  so  that 
no  blast  furnace  or  steel  plant  can  afford  to  install  any  but  gas 
blowing  and  gas  electric  engines. 

Blast  furnace  gas  engines  up  to  6000  hp.  are  now  being  built 
in  four  cyHnder  units,  with  cylinder  diameters  up  to  51  in.  The 
only  restriction  as  to  the  size  is  the  limit  of  railroad  clearances. 

Coke  oven  gas  engines  have  been  developed  remarkably 
in  the  last  four  years,  and  the  large  collieries  are  utilizing  their 
surplus  coke  oven  gas  by  installation  of  power  stations  of  con- 
siderable size. 

The  producer  gas  engine  has  not  kept  pace  with  the  blast 
furnace  and  coke  oven  gas  engines.     Quite  recently  some  larger 
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producer  gas  engines  are  being  built  especially  where  the  recov- 
ery of  the  by-products  of  the  gas  is  being  practised. 

At  one  3000-kw.  plant  in  Germany,  the  total  power  cost, 
including  everything,  such  as  depreciation,  interest,  etc.,  is  about 
0.25  cents  per  kilowatt-hour.  The  operating  expenses  alone, 
including  fuel  at  $3.00  per  ton,  is  less  than  0.7  cents  per  kw-hr. 

In  regard  to  the  gas  turbine,  eflforts  are  being  made  in  Ger- 
many to  develop  the  Holzwarth  gas  turbine,  with  the  idea  of 
increasing  the  thermal  efficiency  from  the  present  10  per  cent  to 
at  least  18  or  20  per  cent,  and  of  reaching  the  full  capacity  of  the 
machine.  If  these  hopes  are  realized  the  gas  turbine  will  be 
placed  in  direct  competition  with  the  steam  turbine  and  also  the 
reciprocating  gas  engine. 

According  to  the  preliminary  tests  on  the  above  turbine, 
liquid  fuel  oil  can  be  directly  used  in  this  turbine,  thus  doing 
away  with  the  gas  producer. 

Information  on  the  development  of  the  Humphrey  pump  is 
lacking,  due  to  the  secrecy  regarding  tests,  etc.,  but  it  is  under- 
stood some  difficulties  have  been  experienced  due  to  the  varia- 
tion in  length  of  stroke  of  the  water  column.  A  large  pump  is 
said  to  have  been  recently  started  in  England,  but  results  of  its 
operation  are  still  lacking. 

Concerning  the  Diesel  engine,  the  2-cycle  engines  fitted  on 
ships  have  given  trouble,  and  one  concern  was  compelled  to 
revert  to  an  ordinary  single-acting  4-cycle  engine. 

Due  to  the  increase  in  the  price  of  natural  oil,  all  Diesel 
engine  manufacturers  have  to  adapt  their  engines  to  the  use  of 
tar  oil,  which  is  fast  becoming  the  only  economical  liquid  fuel 
available. 


APPENDIX  H 

PARTIAL  DIGEST  OF  RECENT  ENGINEERING  PUBLICATIONS 
BEARING  UPON  THE  SUBJECT  OF  PRIME  MOVERS  OR 

ACCESSORY  APPARATUS 

"Coal:  Its  Consumption,  Analysis,  Utilization  and  Valu- 
ation." E.  E.  Somermeier.  167  pages.  8  illustrations.  Pub- 
lished by  the  McGraw-Hill  Book  ODmpany.     Price  $2.00. 

This  is  a  condensed  and  practical  treatise  on  the  subject  of 
coal,  dealing  with  the  various  chemical  phases  as  indicated  bj 
the  title.    The  information  embodied  is  important  to  every  Urp 
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consumer  of  coal,  and  a  great  many  points  are  brought  out ;  such, 
for  example,  as  the  possible  bearing  of  the  ultimate  composition 
of  the  coal  upon  its  burning  qualities  or  characteristics,  certain 
essential  observations  in  sampling  and  analytical  determinations, 
etc.  The  book  is  concluded  by  a  summary  of  the  leading  coal 
fields  of  the  United  States. 

** Introduction  to  the  Study  of  Fuel."  F.  J.  Brislee.  256 
pages.  61  illustrations.  Published  by  D.  Van  Nostrand 
Co.,  New  York  City.     Price  $3.00. 

It  deals  principally  with  elemental  chemical  reactions;  the 
analyses  of  fuels  and  products  of  combustion;  the  use  of  special 
measuring  apparatus  for  high  temperatures,  gas  qualities,  etc.; 
calculation  of  the  proper  air  supply  and  combustion  temperatures. 
A  classification  of  different  fuels  is  made,  in  which  the  distin- 
guishing features  of  various  grades  are  outlined  briefly.  Indi- 
vidual chapters  are  given  over  to  discussions  of  producer  and 
water  gas  and  some  of  the  few  designs  of  apparatus  employed ; 
explosions  and  the  explosion  engine;  testing  and  checking  of 
boiler  results,  and  the  use  of  liquid  fuel. 

**Stkam  Boilers."  E.  M.  Shealy.  350  pages.  184  illustrations. 
Published  by  McGraw-Hill  Book  Co. 

A  book  prepared  to  provide  a  working  understanding  of  the 
steam  boiler  should  find  a  useful  place  in  both  large  and  small 
boiler  rooms.  The  subject-matter  has  been  presented  in  the  sim- 
plest possible  form,  making  it  easy  to  be  grasped  by  the  non- 
technical operator.  A  separate  chapter  is  given  over  to  important 
boiler  calculations,  and  also  details  appertaining  to  stays  and 
staying,  information  regarding  which  is  vital  to  the  safety  of 
operation.  * 

"Boiler  Draught."  H.  K.  Pratt.  134  pages.  29  illustrations. 
Published  by  D.  Van  Nostrand  Co.,  New  York  City.  Price 
$1.25. 

The  author  carefully  sets  forth  in  his  abridged  treatise  the 
underlying  physical  theories  and  formulae  that  apply  to  chimney 
calculation.  He  deals  with  both  natural  and  artificial  draught, 
forced  and  induced,  and  also  features  of  chimney  construction. 

"Water  :  Its  Purification  and  Use  in  the  Industries."  Wil- 
liam Wallace  Christie.  212  pages.  79  illustrations.  Pub- 
lished by  D.  Van  Nostrand  &  Co.,  New  York  City.  Price 
$2.00. 

While  this  book  is  of  general  application,  as  the  title  implies, 
considerable  space  is  given  over  to  the  discussion  of  various  treat- 
ments of  boiler  feed ;  effect  of  oil  upon  boilers ;  its  removal,  etc. 
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The  chemical  ingredients  of  different  waters  is  a  valuable  study 
and  along  therewith  is  included  the  action  of  the  proper  re-agents. 

"Centrifugal  Pumping  Machinery  :  The  Theory  and  Prac- 
tice OF  Centrifugal  and  Turbine  Pumps."  Carl  George 
de  Laval.  iSi  pages  and  over  i6o  illustrations.  Published 
by  the  McGraw-Hill  Book  Co.,  New  York  City.  Pria 
$3.00. 

Mr.  De  Laval  describes  elaborately  the  kinetic  theory  of  this 
type  of  pump,  which  alone  necessitates  five  chapters.  The  remain- 
ing 21  chapters  are  devoted  to  operating  features,  design,  efficien- 
cies and  the  various  applications  of  centrifugal  pumps.  This 
book  should  commend  itself  to  the  engineer  engaged  either  in  the 
use  or  installation  of  the  centrifugal  pumping  machinery. 

**Central-Station  Heating."  Byron  T.  Gifford.  5^  in.  by 
9  in.  208  pages.  37  illustrations.  Published  by  the  Heat- 
ing and  Ventilating  Magazine  Co.,  New  York  City.  Price 
$4.00. 

In  this  book,  the  advantages  of  central-station  heating  are 
first  noted,  after  which  follows  a  discussion  of  the  engineering 
features  of  the  different  hot-water  and  steam  distribution  sys- 
tems. The  question  of  plant  management  has  been  given  atten- 
tion, as  upon  it  the  success  of  such  an  institution  naturally  re- 
volves, and  this  has  been  supplemented  by  contingent  conditions 
which  must  be  understood  to  make  the  house  service  satisfacton. 
Miscellaneous  data  which  will  be  of  use  in  connection  with  this 
line  of  w^ork  form  the  tenth  and  concluding  chapter. 

"The  Una-Flow  Steam  Engine."  Prof.  J.  Stumpf.  229  pages. 
250  illustrations.  Published  by  D.  Van  Nostrand  Co.  For 
sale  by  the  "Electric  Journal."     Price  $3.50. 

Prof.  Stumpf  describes,  in  a  very  graphic  manner  and  in 
abundant  detail,  the  very  unique  and  useful  type  of  steam  engine 
developed  by  himself.  As  suggested  by  the  title,  the  steam  flows 
in  a  constant  direction  from  inlet  valve  to  exhaust  ports,  avoid- 
ing the  variation  in  temperatures  which  produces  cylincjer  con- 
densation. This  excellent  feature  has  a  valuable  supplement  in  the 
form  of  valveless  exhaust  ports  controlled  by  the  travel  of  a 
piston.  The  author  treats  first  of  the  thermal  and  constructional 
features  and  then  takes  up  elaborately  the  results  of  numerous 
tests. 

"Diesel  Engines  for  Land  and  Marine  Work."  A.  P.  Chalk- 
ley.  220  pages.  75  illustrations.  Published  by  D.  Van 
Nostrand  Co.     Price  $3.00. 
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The  book  covers  the  need  principally  of  the  operator,  and 

aims  not  only  to  give  him  an  appreciation  of  the  value  of  this 

type  of  prime  mover,  but  presents  elaborately  the  details  of  design 

-;  along  with  the  fundamental  principles  of  operation.    Chapters  on 

'^  testing  and  marine  work  are  presented.     An  appendix,  contain- 

;  ing  Lloyd's  Insulation  Rules,  is  included. 

"Hydraulic  Turbines:  Their  Design  and  Installation." 
Viktor  Gelpke  and  A.  H.  Van  Cleve.  293  pages.  200  illus- 
trations. Published  by  McGraw-Hill  Book  Co.,  New  York 
City.     Price  $4.00. 

The  book  is  confined  to  engineering  considerations  entirely, 
and  takes  up  in  three  chapters  the  details  which  enter  the  com- 
plete plant:  Elements,  prirrciples  and  the  mathematics  of  hy- 
draulic turbines  and  descriptive  and  pictorial  features  of  many 
important  plants. 

"Elements  of  Heat  Power  Engineering."  C.  F.  Hirshfield 
and  W.  N.  Barnard.  793  pages  and  over  480  illustrations. 
Published  by  John  Wiley  &  Sons,  New  York  City.  Price 
$5.00. 

This  elaborate  treatise,  which  is  intended  primarily  as  a  text- 
ht»ok,  may  often  he  found  a  useful  suj)plement  for  the  practical 
knowledge  necessary  in  operation.  It  takes  up  the  theory  of  all 
types  of  heat,  prime  movers  and  component  and  auxiliary 
machinery. 

l^'reyn,  H.  J.  K. — Address  on  ^'Recent  Development  of  Gas  Power 
in  Europe,"  delivered  at  Annual  Meeting  of  A.  S.  M.  E. 
(Journal  of  A.  S.  M.  E.,  Feb.,  1913,  p.  237.) 

**The  Humphrey  Pumps  at  Chingford,"  in  issues  of  Engineering 
(London)  of  January  24  and  February  14,  1913. 

Clerk,  Dugald — Paper  on  "Gas  Turbine,"  read  at  Dundee  Meet- 
ing (1912)  of  British  Association  for  the  Advancement  of 
Science. 

Yarnoll,  D.  R. — Paper  on  "Properties  of  V-Notch  Weir  Method 
of  Water  Measurement."  Transactions  of  A.  S.  M.  E.,  Octo- 
ber, 191 2. 

Groat,  B.  F. — Paper  on  "Current  Meter  Work  in  connection  with 
Water-Power  Installations,"  in  Proceedings  of  A.  S.  M.  E., 
December,  19 12. 

de  Ferranti,  Dr.  S.  Z. — James  Watt  Anniversary  Lecture,  deli- 
vered at  Greenock,  Scotland,  January  16,  1913,  in  regard  to 
the  High  Superheat  Steam  Turbine. 
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Dowling,  D.  B. — Notes  on  the  utilization  of  poor  coal  and  slack. 
igo6.  (In  Journal  of  the  Canadian  Mining  Institute,  v.  9. 
pp.  321-330). 

Shows  that  even  the  poorest  lignite  has,  as  a  gas  producer. 
a  value  equal  in  power  production  to  that  of  a  good  steam  coa] 
when  used  in  the  steam  plant. 

Fernald,  R.  H. — Features  of  producer-gas  power-plant  develop- 
ment in  Europe.    191 1.  26  pp.    (In  United  States,  Bureau  of 
Mines,  Bulletin  4.) 
Use  of  Lignite,  pp.  17-21. 

Gazogenes  aspirants  de  la  gasmotorenfabrik  de  Deutz  pres 
Cologne.     1910.     (In  Le  Genie,  v.  57,  pp.  231-233.) 

Gradenwitz,  Alfred. — Lignite  producer-gas  plants.  1905.  (In 
Scientific  American  supplement,  v.  60,  pp.  24,900-24,901). 

Neumann,  H. — Die  vergasung  der  braunkohle  zu  motcrischen 
zwecken.  1906.  (In  Zeitschrift  des  Vereines  Deutscher 
Ingenieure,  v.  50,  pt.  i,  pp.  722-726,  898-903.) 

A  discussion  of  various  forms  of  gas  producers,  purifiers 
and  auxiliary  apparatus  for  the  generation  of  power  gas  from 
lignites  and  brown  coals. 

Randall,  D.  T.,  and  Kreisinger,  Henry. — North  Dakota  lignite  as 
a  fiK'l  for  power-plant  boilers.  1910.  41  pp.  (In  United 
States,  lUireau  of  Mines,  lUillctin  2.) 

Wilkinson,  C.  T. — Utilization  of  low-grade  fuels  in  the  gas  pro- 
ducer.    H/)7.     (In  Cassier's  Magazine,  v.  33,  pp.  83-85.) 
Gives  accurate  data  of  tests  upon  four  such  fuels,  discussing 

the  results. 

Wright,  Ciharles  L. — Hri(|uetting  tests  of  lignite.     191 1.     64  pp. 
(In  United  States,  Bureau  of  Mines,  Bulletin  14.) 
Recent  literature  of  briquetting,  p.  57-62. 

Zlanial.  Arnold.-  -iJraunkohlen  uiid  torfgeneratoren  fiir  niotor- 
ischc  zwcckr.     n>o3.     (In  Zeitschrift  fiir  elektrotechnik,  v. 

Zwingenberger,  ().  K. — Utilization  of  low-grade  fuels  in  the 
IJnitcd  States,  npc).  (In  American  Institute  of  Chemical 
Knginccrs,  v.  2,  pp.   140-155.) 

Deals  with  lignite  in  gas  producers,  as  well  as  other  low- 
grade  fuels. 

Parker,  \\,  W. — Fuel  Briquetting  in  1911-1912.  (Advance 
chapter  from  Mineral  Resources  of  the  United  States,  Cal- 
endar year  191 1.) 
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Mr.  Moultrop  (continuing) :  After  the  report  was  written, 
L-t  too  late  to  change  the  text,  the  Chairman  received  a  letter 
om  the  General  Electric  Co.,  criticizing  one  of  our  statements, 
rxich  is,  in  substance,  as  follows : 

"We  have  no  criticisms  to  offer,  except  as  to  the  statement 
ider  the  heading  "Trouble  with  Turbine  Blades,"  page  17,  as 
Hows:  "Three  companies  report  the  breaking  of  diaphragm 
^zzles,  due  to  their  having  been  cast  in  solid  with  the  dia- 
iragms.  The  trouble  was  remedied  by  replacing'  diaphragms 
such  construction  with  those  having  the  blades  grouped  in 
►vetailed  segments,  which  were  bolted  to  the  diaphragm."  Pre- 
ixnably  the  troubles  referred  to  occurred  on  Curtis  turbines, 
ftd,  if  such  is  the  case,  I  wish  to  state  that  the!  broken 
aphragm  nozzles  were  not  due  to  the  nozzle  partitions  being 
LSt  in  solid  with  the  diaphragms,  but  were  accounted  for  by  the 
ct  that  50  per  cent  nickel  steel  was  used  in  partitions.  Pre- 
ous  to  the  use  of  30  per  cent  nickel  steel  for  this  purpose,  we 
tilt  many  turbines  with  nozzles  cast  in  solid,  using  3JS^  per 
Jilt  nickel  steel  for  nozzle  partitions  and  a  number  of  such 
achines  are  still  in  operation  and  have  not  been  subject  to  the 
ft>mplaint  referred  to. 

Under  the  circumstances  it  can  hardly  be  said  with  justice 
lat  the  trouble  experienced  with  diaphragms  is  due  to  the  fact 
lat  nozzles  are  cast  and  is  being  remedied  through  the  use 
F  diaphragms  with  removable  nozzles.  As  a  matter  of  fact, 
c  are  proposing,  in  some  cases,  to  remedy  diaphragm  troubles 
F  the  kind  under  discussion  by  furnishing  the  cast-in  nozzle 
T)e,  but,  in  such  cases,  the  partitions  are  of  33^  per  cent,  instead 
F  30  per  cent  nickel  steel. 

We  have  developed  a  removable  nozzle  for  some  of  our 
trbines  and  in  replacing  broken  nozzle  diaphragms,  such  re- 
lacement  has  sometimes  been  made  with  diaphragms  having 
le  removable  nozzle  feature,  where  our  customers  considered 
lat  this  feature  was  worth  the  additional  price." 

Your  Committee  believes  that  the  above  is  a  correct  state- 
lent  of  the  facts  and  we  regret  the  incorrect  statements  con- 
lined  in  the  body  of  the  report. 

DISCUSSION 

The  Chairman:  The  report  of  the  Committee  on  Prime 
overs  is  now  open  for  discussion. 
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Mr.  W.  L.  Abbott,  Chicago :  Referring  to  the  second  pa^^ 
graph,  on  page  425  of  the  report,  since  that  was  written  the  Com- 
monwealth Edison  Co.  has  placed  an  order  with  the  General 
Electric  Co.  for  a  30,000-kiIowatt  machine,  which  shows  how 
fast  we  move  in  these  things.  This  report  was  written  about 
three  months  ago. 

On  page  435  of  the  report  is  a  reference  to  the  deteriora- 
tion of  steel  stacks,  and  the  statement  brings  out  the  fact  that 
steel  stacks  do  not  corrode  on  the  outside  to  any  serious  extent 
We  are  careful  to  keep  our  stacks  painted  on  the  outside,  and  so 
long  as  they  look  shiny,  we  are  satisfied  with  their  condition. 
As  a  matter  of  fact,  corrosion  takes  place  on  the  inside  at  a 
very  alarming  rate,  and  no  amount  of  painting  on  the  outside  is 
of  any  benefit.  The  only  protection  is  first  to  keep  the  stadc 
in  service  as  long  as  possible,  but  a  better  protection  is  to  have 
it  lined  with  cement  or  brick  with  cement,  in  which  case  it  is 
perfectly  protected.  Without  that,  and  exposed  to  flue  gas, 
and,  particularly,  if  for  some  time  of  the  day  or  some  weeks  or 
months  during  the  year  it  stands  idle,  the  life  of  the  stadc, 
regardless  of  its  thickness  is  quite  limited. 

The  Chairman  :   Is  there  to  be  anv  further  discussion?  K 
not,  I  will  ask  Mr.  Moultrop  to  close. 

Mr.  Moultrop  :  In  closing,  as  there  is  no  discussion  re- 
quiring reply,  I  wish  to  go  on  record  in  expressing  the 
disappointment  of  the  Committee  at  the  lack  of  interest  in 
the  work  we  have  done,  if  the  discussion  submitted  can  be 
taken  as  evidence.  I  would  like  to  offer  the  suggestion  that 
those  interested  in  the  work  of  this  technical  committee  advise 
the  Secretary  of  the  Association  of  any  criticisms  on  the  past 
work  of  the  Committee,  and  any  suggestions  they  may  have  to 
offer  to  make  the  work  of  the  succeeding  Committee  of  more 
value  to  the  Association. 

The  Chairman  :  The  next  number  on  the  program  is  the 
Report  of  the  Committee  on  Electrical  Apparatus,  Mr.  L.  L 
Elden.  Chairman. 


REPORT  OF  THE  COMMITTEE  ON  ELEC- 
TRICAL APPARATUS 

During  the  past  year  your  Committee  has  carefully  followed 
elopments  in  the  manufacture  and  use  of  electrical  apparatus 

central-station  service,  and  presents  herewith  an  appendix, 
ming  a  part  of  this  report,  with  brief  comments  on  some  of  the 
tures  of  such  equipment. 

There  has  been  noted  a  continuation  of  the  tendency  toward 

development  of  individual  generating  and  converting  tmits 
a  greater  capacity,  as  demanded  by  the  important  central-sta- 
1  systems.  In  this  connection  there  appears  to  be  a  very 
inite  tendency  on  the  part  of  manufacturers  toward  higher 
ative  speeds  in  generating  apparatus,  an  end  which  would 
m  to  have  been  accomplished  satisfactorily  through  the  employ- 
it  of  mechanical  structures  of  suitable  design.  In  the  attain- 
at  of  higher  capacities,  the  use  also  of  improved  types  of  insu- 
ng  materials  suitable  for  operation  at  higher  temperatures  and 
able  of  withstanding  severe  mechanical  strains,  has  contributed 
jely  to  such  success  as  has  been  secured. 

With  the  increase  in  capacity  of  individual  units,  and,  there- 
e,  of  generating  stations,  attention  has  been  directed  to  the 
tching  conditions  necessarily  met  with  in  handling  the  enor- 
Lis  amounts  of  energy  capable  of  concentration  at  the  location 
a  fault.  Investigations  of  the  switching  problem  have  been 
de  from  which  definite  information  has  been  derived  to  aid  the 
tiufacturer  in  the  creation  of  suitable  switching  apparatus  to 
tt  most  conditions.  In  certain  situations  the  addition  of  cur- 
t  limiting  devices  in  the  form  of  reactances  has  been  imper- 
^e,  to  afford  relief  to  both  switching  and  generating  apparatus 
m  the  abnormal  stresses  developed  by  short  circuits,  and 
ing  to  its  importance  the  report  pays  particular  attention  to 
irable  limitations  to  be  employed  in  the  installation  of  such 
ipment. 

It  is  believed  that  more  attention  is  being  given  than  ever 
Dre  to  the  perfection  of  the  details  of  electrical  apparatus  to 
ire  satisfactory  operation,  and  your  Committee  has  felt  it 
irable  to  comment  on  some  of  these  features. 
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Material  improvements  have  unquestionably  been  m 
6o-cycle  rotary  converters  for  all  uses,  and  it  may  be  conf 
expected  that  with  another  year's  experience  as  a  foun* 
this  class  of  apparatus  will  permanently  cast  off  the  d( 
reputation  it  has  borne  in  past  years. 

Attention  is  directed  to  the  importance  of  the  work 
American  Institute  of  Electrical  Engineers  in  their  eff( 
perfect  the  Standardization  Rules  relating  to  the  rating  o 
trical  apparatus.  This  is  a  subject  of  vital  interest  to  al 
of  electrical  apparatus,  and  should  receive  careful  attent 
this  Association  for  the  protection  and  benefit  of  the  n 
companies. 

In  the  appendix  which  follows,  the  following  subject 
been  treated  in  more  or  less  detail,  and  in  some  cases  refere 
been  made  to  important  technical  contributions  dealing  wi 
cific  subjects  more  in  detail  than  is  possible  in  the  report. 

1  Turbo-Generators 

2  Reactances 

3  Speed  of  Rotative  Apparatus 

4  Direct-Coupled  Exciters 

5  Rotary  Converters 

6  Motor  Converters 

7  Transformer  Connections 

8  Synchronous  Condensers 

9  Insulation 

10  Rheostats 

1 1  Brushes 

12  End-Play  Devices 

13  Outdoor  Substations 

14  Oil  Switches  and  Iron-Clad  Switch  Gear 

15  Feeder  Regulators 

16  Relays 

17  Rectifiers 

18  Electrolytic  Lightning  Arresters 

19  High-Potential  Testing  Apparatus 

The  Committee  wishes  to  express  its  full  appreciatioi 
valuable  assistance  rendered  by  both  manufacturing  and 
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ing  interests  through  their  ready  response  to  requests  for  in- 
formation on  the  specific  subjects  under  consideration. 


'L.  L.  Elden,  Chairman 
E.  P.  Dillon 

P.  JUNKERSFELD 

Committee   iG.  L.  Knight 

E.  N.  Lake 
D.  F.  Schick 
(\  \V.  Stone 


APPENDIX 
TURBO-GENERATORS 
Increase    in   capacity   and    improvement    in    efiidency  ta& 
marked  the  progress  of  turbo-generator  designs  during  the  pu 

year.    Mention  was  made  last  year  of  the  purcliase  of  a  25/xx>4«. 
unit  by  one  of  the  member  companies,  and  it  may  now  be  added 

that  contracts  for  units  of  similar  capacity  have  been  executed 
by  other  companies. 

With  these  generators  of  large  capacity  there  must  neces- 
sarily be  employed  suitable  switching  apparatus  and  other  trans- 
lating devices  capable  of  meeting  the  conditions  imp^osed  in  the 
handling  of  such  large  amounts  of  energy  as  are  developed.  While 
switching  apparatus  at  present  available  appears  to  be  capable 
of  successfully  meeting  the  situation,  it  is  with  no  small  conccni 
that  we  view  a  further  increase  in  the  capacity  of  generating 
units,  and  undoubtedly  recourse  must  be  had  to  a  more  general 
use  of  current-limiting  reactances  in  large  systems  than  is  nov 
general  practise. 

In  the  191 1  report  it  was  stated  that  manufacturers  recom- 
mended, where  high-voltage  generation  is  required,  that  it  should 
be  accomplished  by  the  use  of  a  low-voltage  generator  and  auto 
transformers  to  obtain  the  desired  bus  voltage,  their  reason  being 
that  high-voltage  generators  (15,000  volts)  were  not  a  satis- 
factory commercial  product  for  either  manufacturer  or  user. 

It  is  of  interest  to  note  that  through  improvements  in  the 
insulation  and  design  of  generators,  manufacturers  now  indicate 
their  ability  to  build  large  high-voltage  generators  (up  to  15,000 
volts)  which  will  furnish  satisfactory  service. 

Reactances 

Reactances  in  alternating-current  circuits  may  be  divided 
into  three  general  classes  by  the  functions  they  are  exf>ected  to 
perform,  as  follows: 

1  For  protection  against  high-frequency  disturbances 

2  For  voltage  regulation  and  for  providing  synchronizing 

power 

3  For  limiting  the  current  in  case  of  breakdown  of  lines 

or  apparatus. 
Class  I  refers  to  reactance  coils  such  as  are  used  in  connec- 
tion with  lightning  arresters  or  other  protective  devices  for  keep- 


ing-out  liij^h-fretjucncy  disliirbanccs.     In  such  coils  iron  is  not 
pern^issible  because  eddy  currents  set  up  by  these  high  frequen- 
5  cies   would   probably   be   sufficient   to   practically   eliminate   the 
r  effect  of  the  reactance. 

Class  2  refers  to  reactances  used  in  connection  with  com- 
'  pound-wound  rotaries  for  voltage  regulation  or  inserted  in  lines 
'  in  connection  with  rotative  apparatus,  in  order  to  give  stability 
to  synchronous  motor  operation  and  to  aid  in  tying  generating 
•  stations  together  over  lines  of  high  resistance.  Such  reactances, 
'  which  also  include  reactance  coils  in  arc  lamps  and  series  arc 
regulators,  are  built  with  iron  cores. 

Class  3  refers  to  coils  which  are  coming  to  be  used  quite 
generally,  especially  in  connection  with  large  systems,  to  prevent 
a  disastrous  flow  of  energy  into  a  fault.  Such  coils  because  of 
the  large  currents  they  must  handle  cannot  economically  be  built 
with  an  iron  core,  as  such  construction  would  limit  the  eflFective 
reactance  under  short  circuit  conditions,  and  are,  therefore,  usu- 
ally wound  on  a  concrete  center  or  on  porcelain  blocks. 

The  use  of  the  reactances  of  Classes  i  and  2  has  been  quite 
well  established  for  a  great  many  years  and  the  Committee, 
therefore,  does  not  think  it  necessary  to  discuss  these  classes. 
With  reference  to  Class  3,  practise  is  still  somewhat  in  the 
evolutionary  stage  with  respect  to  standards.  The  Committee 
feels  that  this  point  should  receive  full  discussion  and  as  a  basis 
for  such  discussion  suggests  the  following: 

This  third  class  may  be  further  subdivided  with  respect  to 
application,  as  follows: 

(a)  For  use  with  apparatus  such  as  generators  or  trans- 

formers 

(b)  For  insertion  in  bus-bars  of  stations 

(c)  Feeder  reactances 

Subdivision  (a) 

The  total  reactance  for  high-speed  generators  will  naturally 
vary  with  the  size  of  the  unit,  since  it  is  desirable  to  limit  the 
total  energy  which  may  flow  and  which  can  safely  be  handled  by  ^ 
an  oil  switch.  The  following  values  are  considered  conservative, 
the  reactance  in  each  case  being  total  reactance,  part  of  which 
may  be  in  the  machine  itself  and  part  in  external  coils : 


4^ 

For  if^t»erat60  n^  to  8ooo4kv.  cspacztr  ...  t-  :< 

"  "  "     'S/^'-'  ■*  2o/jco4cw.      "  . . .  lo 

f]^er  2fj/x/yicm\  "  ,  ..12    ' 

The  above  estimated  percentages  apply  to  indxvidiia 
and  may  vary  materially  when  several  generators  are  ope: 
rntilfiple. 

F//r  trani^ff/rmers  locate^!  in  main  stations  it  is  rectxn 
itiat  tfie  Aamc  amounts  apply  as  for  generators. 

1'he  following  cour^ie  shall  be  pursued  by  purcha 
transformers  where  it  is  desired  to  include  a  definite  am 
TfHtAknce  in  their  design.  In  cases  where  the  limiting 
current  by  reactance  in  transformers  is  of  importance  the 
of  reactance  desired  should  be  specified. 

In  general  it  would  be  better  not  to  hamper  the  m 
turing  engineer  in  the  design  of  a  product  by  specifying 
iAoun  which  are  not  actually  required.     The    strength 
transformer  structure  may  properly  be  specified  in  terms 
r'xresH  rnrrcfit   which   the  transformer  must   successful! 

Stihilhfi.sinn  (b) 

Tlir  ainoufit  of  reactance  to  be  placed  in  the  bus-b 
\n'  (li'terniincd  in  each  case  by  local  conditions,  such  as  < 
of  units  njiniected  to  a  group  and  arrangement  of  feeder 
large  erjuipany  ccMisiders  6o,ooo-kw.  generator  capacity 
limit  which  it  is  desirable  to  connect  to  any  one  group  (t 
orators  themselves  being  equipped  with  reactances).  1 
such  grouj)  buses  a  reactance  is  installed  having  a  reactii 
of  JO  per  cent  on  the  basis  of  10,000  kw. 

The  engineers  of  one  large  manufacturing  company 
mend  that  bus  reactance  should  be  able  to  carry  frc 
(|uarter  to  one-third  of  the  kilowatt  capacity  on  a  bus  secti 
reaetive  (lro|)  varying  from  20  to  33  per  cent,  according 
(litions. 

Stthilivisioti  (c) 

Another  large  company  is  arranging  to  insert  feede 
anocs  with  a  reactive  value  of  3  per  cent  in  all  of  thei 
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mission   feeders   from   the  generating  station,  this   installation 
being  part  of  the  general  scheme  of  line  protection. 

It  is  contended  by  some  engineers  that  feeder  reactances 
should  provide  lo  to  15  per  cent  for  reactances  installed  at  the 
generator  end,  or,  if  the  protected  feeders  form  part  of  an  inter- 
connected network,  the  installation  of  5  to  7  per  cent  reactance  at 
each  end  is  recommended. 

REFERENCES 

Pamphlet  Metropolitan  Protective  Devices 

General  Electric  Co.  Bulletin  4974 

Paper,  A.  S.  Loizeaux,  N.  E.  L.  A.  Proceedings,  1909 

Paper,  P.  Junkersfeld,  N.  E.  L.  A  Proceedings,  1909 

Papers,  Messrs.  Schuchardt  &  Sweitzer,  A.  I.  E.  E.  Pro- 
ceedings, 191 1 

Paper,  Dr.  C.  P.  Steinmetz,  General  Electric  Review,  Septem- 
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Paper,  Philip  Torchio,  Association  Edison  Illuminating  Go's 
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Hd  of  Rotative  Apparatus 

Attention  is  directed  to  the  marked  tendency  of  manufac- 
rers  toward  the  development  of  apparatus,  operating  at  higher 
icds  than  were  considered  to  be  commercially  desirable  no 
ger  than  one  to  two  years  ago.  Turbo-generators  are  now 
ered  to  operate  at  high  speeds — for  example,  5000-kw.  units 
j6oo  rev.  per  min.,  19,000-kw.  units  at  1875  rev.  per  min.,  and 
xx>-kw.  units  at  1500  rev.  per  min.,  and  it  is  apparent  that 
final  limit  has  not  been  reached. 

In  apparatus  such  as  rotary  converters,  designing  engineers 
!eavor  to  make  the  speed  as  high  as  is  practicable  in  order  to 
uce  the  number  of  poles,  improving  the  commutating  charac- 
stics  by  permitting  larger  spacing  between  brush  arms  and 
ninating  in  a  measure  the  sensitiveness  to  brush  position. 

The  adoption  of  commutating  poles  has  assisted  materially 
making  it  possible  to  successfully  develop  high-speed  appa- 
is,  and  in  referring  to  25-cycle  machines  of  recent  design  it 
I  be  noted  that  they  are  operated  at  approximately  twice  the 
.  per  min.  of  the  older  non-commutating  pole  designs,  although 
peripheral  speeds  have  not  increased  in  the  same  proportion. 

In  rotary  converters  and  other  direct-current  machines  the 
)wable  peripheral  speed  of  the  commutator  is  the  limiting  fac- 
,  and  in  some  cases  with  60-cycle  converters  the  commutator 
teds  have  been  increased  to  in  excess  of  5000  ft.  per  min., 
compared  with  3000  to  4000  ft.  per  min.  in  25-cycle  rotaries. 

Manufacturers   should   especially  study  the   elimination   of 

noise  developed  by  all  rotating  apparatus  and  particularly 
high-speed  machines,  as  their  use  may  prove  prohibitive  in 
ny  locations  if  not  satisfactory  in  this  respect. 

While  generally  the  manufacturer  can  be  depended  upon  to 
er  only  safe  and  reliable  apparatus  for  sale,  it  behooves  the 
chaser  to  weigh  well  the  advantages  of  apparatus  which  does 
operate  at  extreme  speeds. 

ect-Coupled  Exciters 

The  practise  of  installing  direct-coupled  exciters  on  water- 
id  generators  has  been  followed  in  many  installations  in  the 
:,  and  there  appears  to  be  a  definitely  increasing  tendency  to 
C)t  similar  methods  in  new  installations.  There  seem  to  be 
imber  of  advantages  obtained  from  their  use  where  generator 
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speeds  conform  to  standard  exciter  speeds,  among  which  may  bt 
cited  simplicity  of  operation  and  the  elimination  of  a  consider- 
able amount  of  wiring  and  exciter  switching  connections,  noi 
so  commonly  included  in  station  arrangements. 

Applications  of  direct-coupled  exciters  to  turbo-generaton 
have  also  been  successfully  made  in  some  cases,  although  thm 
appear  to  be  details  of  construction  requiring  the  attention  oi 
manufacturers  in  special  cases.  Rugged  construction  is  impera- 
tive in  high-speed  units  and  special  care  must  be  taken  to  avoid 
vibration,  as  the  vibration  which  is  permissible  with  alternating 
current  apparatus  will  not  permit  satisfactory  operation  of  coip- 
mutating  machines. 

In  some  cases  additional  building  facilities  will  be  required 
to  accommodate  the  greater  length  of  the  complete  generating 
unit,  and  it  should  be  appreciated  that  the  failure  of  any  direct- 
coupled  exciter  may  put  the  main  unit  out  of  commission  unless 
emergency  excitation  connections  are  provided  from  some  other 
source. 

In  general  it  is  suggested  that  under  proper  operating  con- 
ditions, with  a  number  of  large  units,  direct-coupled  excitcn 
are  coming  into  use  and  may  be  found  desirable  on  the  score  oi 
economy  and  simplicity.  Where  but  few  generating  units  arc 
installed  other  sources  for  reserve  excitation  are  preferable.  .\s 
the  number  of  situations  where  such  exciters  are  to  be  prefcrre*! 
are  steadily  increasing  in  number,  your  Committee  calls  atteniio[i 
thereto  and  urges  that  this  matter  be  carefully  investigated  in 
each  instance. 

Figs.  3  and  4  illustrate  two  of  the  methods  employed  by 
manufacturers  in  applying  direct-coupled  exciters  to  generati«r> 
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In  low-voltage  rotaries  3500-kw.,  270-volt  units  are  noted  as  the 
largest  in  use  to  date,  and  as  in  the  previous  case,  others  are  on 
order. 

In  earlier  notes  on  25-cycle  rotaries,  reference  has  been  made 
to  the  part  played  by  the  introduction  of  commutating  poles  into 
rotary  design,  and  they  continue  to  furnish  most  valuable  service 
in  assisting  to  maintain  the  excellent  commutating  qualities  of 
this  class  of  apparatus.  Several  cases  have  been  reported  where 
commutating  poles  have  been  successfully  added  to  existing  non- 
commutating  pole  machines  of  large  capacities,  with  the  result 
that  the  output  of  such  machines  has  been  increased  approx- 
imately 50  per  cent.  In  most  cases  such  a  change  would  also 
involve  increasing  the  capacity  of  the  step-down  transformers 
used  with  such  machines  and  create  so  many  other  special  prob- 
lems in  connection  with  such  work  that  it  might  prove  inconve- 
nient and  uneconomical  to  carry  out  in  the  field. 

In  general,  the  Committee  believes  that  proposals  to  change 
over  existing  rotaries  should  be  discouraged  in  the  majority  of 
cases  and  particularly  in  the  case  of  machines  of  small  capacity 
where  nothing  can  be  gained  by  adding  commutating  poles  with- 
out increasing  the  speed,  which,  of  course,  is  not  possible.  Only  in 
special  cases  should  such  changes  be  considered  favorably  and 
then  with  due  regard  to  the  cost  and  complications  to  be  over- 
come. 

The  marked  demand  which  has  been  created  for  60-cycle 
converters  has  caused  the  development  of  improved  machines  of 
this  type,  in  the  design  of  which  there  have  been  included  the 
use  of  commutating  poles  and,  in  fact,  all  of  the  good  features 
of  modem  2S-cycle  machines.  Recourse  has  been  had  to  higher 
speeds  in  the  design  of  60-cycle  rotaries  of  increased  capacity, 
and  there  are  in  operation  machines  of  standard  types  of  1000 
to  1500-kw.  capacity  on  both  lighting  and  railway  systems.  These 
newer  machines  are  usually  of  either  the  synchronous  booster  or 
split-pole  types,  and  while  there  exists  some  difference  of  opinion 
as  to  which  type  is  most  desirable,  so  far  as  their  operation  is 
reported  both  types  seem  to  be  rendering  satisfactory  service. 
In  comparison  with  a  rotary  provided  with  an  induction  regu- 
lator, either  of  the  two  types  referred  to  offer  some  advantages 
in  the  reduction  of  required  space  through  the  omission  of  the 
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re(>:ulator,  and  further  a  reduction  in  first  cost  as  well  as  in  cos 
of  installation. 

In  sunimin|[^  up  tlic  situation,  the  0>iniiiillec  reconiniemk 
the  use  of  6o-cycle  rotaries  for  railway  service  in  the  belief  tha! 
such  machines  of  modern  design  will  perform  satisfactory  serrict 

As  regards  6o-cycle  rotaries  in  sizes  of  looo  kw.  and  over 
for  use  on  large  direct-current  lighting  systems,  the  Committet 
feels  that  very  great  progress  has  been  made  in  their  develop- 
ment during  the  past  year.  Several  such  machines  have  been 
installed  after  severe  tests  by  manufacturers  and  it  would  sco] 
that  their  success  is  assured,  but  pending  further  experience  io 
actual  service  the  Committee  hesitates  to  present  definite  recom- 
mendations for  their  use. 


.V  j.r.i-:-  "  :  -.'n  C:r.~:::ii;  hi?  r<*r.  (raided  to  the  nwras 
.;  ri",;:Afl\  re-.*  :~:  ::  >-:-vsr::r.^  aprar^tns  desTgned  i« 
:  .v:-\cr>-.r  ■  .i'i-r-i::r.j  currcr::  ::  i:nf;:t  current,  now  ir. 
"cri.  •.••a  i^-M  ■  .i"  '  :"-,*  f'r.'ATrc  '""^rii^erisrics  are  pirsenitd 

"f  —ac'r.-.Tx  ^v-*!.:>  -:  i-  h-^j,-i:^  :r>.-«rr  and  a  rotary  con- 
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induction  motor  and  the  armature  winding  of  the  rotary  <!on- 
nected  together  in  parallel.  In  operation,  the  converter  runs  at 
a  speed  equal  to  half  the  frequency  of  the  system,  which  is  excep- 
tionally favorable  to  commutation,  and,  in  fact,  the  entire  machine 
is  of  materially  smaller  proportions  than  would  be  a  synchronous 
or  induction  motor  generator  of  the  same  capacity. 

The  manufacturers  offering  the  apparatus  advise  that  it  is 
capable  of  performing  all  the  services  for  which  rotaries  or 
motor  generators  are  used,  including  its  application  to  3-wire 
direct-current  systems.  In  starting,  the  usual  methods  for  start- 
ing from  either  alternating  current  or  direct  current  are  employed 
under  greatly  simplified  arrangements.  Synchronizing  in  par- 
ticular is  stated  to  be  more  easily  accomplished  than  with  any 
other  form  of  converting  apparatus. 

In  summing  up  the  superior  advantages  of  motor  converters, 
the  manufacturers  present  strong  claims,  and  in  view  of  these 
statements  it  is  suggested  that  the  incoming  Committee  be 
requested  to  investigate  more  fully  the  actual  merits  of  the 
apparatus. 

A    COMPARISON    OF    MOTOR    CONVERTERS    WITH    ROTARIES    AND 

MOTOR  GENERATORS      . 


Characteristics 

EflScicncy— Full  load 
Half  load 
Quarter  load 
Power-factor 

Starting 
Synchronizing 
Regulation 
Simplicity 

Reversal  of  polarity 


Compared  with  Rotaries  and 
their  Transformers 


Within    I 

rotary 
Within    I 

rotary 
Equal  to  rotary 


per    cent    of 
per    cent    of 


Better  than  rotary  with 
same  variation  of 
direct-current   voltage 

Simpler  than  rotary 

Simpler  than  rotary 
Better  than  rotary 

Simpler  than  rotary  and 
transformers,  which 
require  more  compli- 
cated switch-gear 

Motor  converters  will 
not  reverse  their 
polarity 

Rotaries  are  liable  to 
reversal 


Compared  with  Motor 
-    Generators 

Better  by   2^  per   cent 

than  motor  generator 
Better    by    4    pier,  cent 

than  motor  g^nepator 
Better    by    8    pier    cent 

than  motor  gehefatbr 
Better     than     inducttdn 

motor  generator 

Equal  to  induction 
motor    generator 

Better  than  synchronous 
motor   generator 

Simpler  than  synchron- 
ous  motor   generator 

Equal  to  motor  gener- 
ator 


Equal        to        induction 
motor    generator 

Simpler   than    synchron- 
ous   motor   generator 
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the  relative  merits  of  the  various  combinations  of  delta  and  Y 
connections  as  used  in  specific  cases  are  in  general  well  known, 
the  Committee  felt  that  it  would  be  of  interest  to  include  in  the 
Proceedings  of  the  Association  a  brief  discussion  of  the  subject 
and  in  order  to  avoid  duplication  of  effort  the  matter  was 
referred  to  the  Transmission  Committee,  which  has  kindly  con- 
sented to  incorporate  the  desired  material  in  its  report. 

Synchronous  Condensers 

Synchronous  condensers  may  be  divided  into  two  classes 
according  to  the  nature  of  their  use.  In  one  class  appear  those 
used  for  the  regulation  of  transmission  lines,  and  in  the  other 
those  used  for  correction  of  power-factor  on  distribution  sys- 
tems. 

In  the  first  class  a  number  of  important  installations  have 
been  made  and  their  number  is  constantly  increasing.  One 
notable  installation  on  the  Pacific  Coast  includes  two  15,000  kilo- 
volt-ampere  condensers  for  voltage  regulation  on  a  50-cycle, 
1 50,000- volt  transmission  system,  where  they  will  be  used  not 
only  to  compensate  for  low  power-factor  but  for  the  excessive 
charging  currents  developed  by  such  a  system  under  light  or 
no-load  conditions.  In  some  instances  turbo-generators  in  reserve 
steam  plants,  auxiliary  to  transmission  systems,  are  used  to  advan- 
tage as  condensers  for  power-factor  correction  and  regulating 
purposes. 

Where  synchronous  condensers  are  employed  in  connection 
with  distribution  systems,  it  is  usually  to  compensate  for  unsatis- 
factory conditions  created  by  consumers'  apparatus.  While  this 
is  always  a  feasible  method  of  improving  power-factor  conditions, 
it  should  be  resorted  to  only  as  a  last  extreme  after  all  other 
available  schemes  for  improving  operating  conditions  have  been 
tried. 

Low  power-factor,  except  in  special  cases,  is  usually  the 
result  of  the  prevailing  tendency  to  install  larger  motors  than 
are  actually  required.  In  certain  classes  of  service,  owing  to 
their  nature,  low  power-factors  are  necessarily  developed  and 
may  require  special  attention  for  improvement,  but  aside  from 
these  cases  it  appears  possible  in  the  majority  of  situations  to 
materially  improve  the  operating  conditions  by  a  more  intel- 
ligent application  of  power-consuming  devices.  It  has  been  found 
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desirable  in  the  experience  of  some  companies  to  enter  into  spe- 
cial agreements  with  consumers  wherein  favorable  rates  bit 
been  established  for  the  maintenance  of  high  power-factors  b\ 
consumers'  apparatus. 

In  the  past,  it  has  been  suggested  that  a  substantial  nunte 
of  undesirable  low  power-factor  installations  could  have  b«a 
avoided  by  the  use  of  synchronous  motprs  in  place  of  induction 
motors.  That  this  has  not  been  done  has  been  due  to  the  com- 
paratively poor  starting  torque  and  pull-in  torque  of  the  standard 
synchronous  motor,  as  compared  with  the  induction  motor.  Fur- 
ther, the  increased  cost  of  the  synchronous  motor  and  the  greater 
care  required  by  it  have  prevented  its  use  in  many  cases.  The 
Committee  is  advised  by  one  manufacturer  that  synchronoDs 
motors  in  sizes  of  50  kw.  or  larger,  may  now  be  built  with  start- 
ing and  pull-in  torque  equal  to  if  not  better  than  that  of  indiK- 
tion  motors,  through  the  adoption  of  designs  materially  diffcrcm 
from  those  now  employed  in  standard  synchronous  apparatus. 

Here  again  the  question  of  increased  cost  is  encountered 
and  it  is  contended  in  some  circles  that  the  central  station  should 
take  some  part  in  adjusting  this  difference  in  cost  of  apparatus, 
inasmuch  as  it  is  materially  benefited  by  the  improvement  in 
operating  conditions  and  a  reduction  in  investment  for  generating 
and  distribution  equipment. 

It  is  questionable  just  what  is  the  proper  course  to  pursue 
in  adjusting  th&  relations  between  a  supply  company  and  ih 
customers  in  low  power-factor  installations,  and  it  is  recom- 
mended that  the  Rate  Committee  of  the  Association  be  requested 
to  consider  the  subject. 
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Insulation 

Xo  more  important  subject  can  be  considered  by  this  Asso- 
ciation than  the  quality  and  durability  of  the  insulation  included 
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in  the  construction  of  apparatus  regularly  employed  in  the  gen- 
eration and  distribution  of  electrical  energy.  It  is  gratifying  to 
note  that  the  manufacturers  are  working  as  a  unit  to  further 
improve  their  product  in  this  respect.  We  are  assured  that  recent 
studies  and  experiments  on  insulating  material  are  to  lead  to  the 
employment  of  materials  calculated  to  considerably  increase  the 
useful  life  of  windings  and  possibly  their  capacity,  owing  to  the 
higher  temperatures  at  which  apparatus  may  be  operated. 

The  question  of  the  rating  of  electrical  apparatus,  with 
which  is  included  the  defining  of  safe  temperatures  at  which  the 
several  classes  of  insulation  may  safely  be  operated,  is  now  before 
the  A.  I.  E.  E.  Committee  on  Standards,  and  upon  the  invitation 
of  the  Institute  this  Association  has  made  certain  recommenda- 
tions on  the  points  at  issue,  all  tending  to  conservative  tempera- 
ture ratings. 

Upon  the  completion  of  the  A.  I.  E.  E.  Committee's  exhaust- 
ive study  of  this  subject,  we  may  expect  some  definite  recom- 
mendations which  will  serve  as  a  guide  for  both  manufacturers 
and  operators  in  the  design  and  operation  of  electrical  apparatus, 
under  conditions  tending  to  long  life  and  reliable  service. 

Rheostats 

Certain  member  companies  have  reported  incipient  troubles 
with  rheostat  construction  and  methods  of  installation,  which  have 
resulted  in  accidents  or  interruptions  to  service  of  great  impor- 
tance. 

In  one  case  it  has  been  deemed  desirable  to  specify  the 
maximum  drop  which  shall  exist  across  balancer  and  booster 
fields  when  the  rheostat  is  all  out,  as  a  precaution  against 
such  machines  running  away.  In  this  connection  it  is  the 
practise  of  one  company  to  furnish  a  locking  bolt  on  the  field 
switches  to  prevent  the  operator  from  opening  such  switches 
without  due  consideration.  Recent  installations  include  in  many 
cases  an  indicating  device  on  the  switchboard  showing  the  opera- 
tor the  position  of  the  rheostat  contact  arms  at  all  times. 

In  the  construction  of  rheostats  for  use  on  direct-current  gen- 
erators and  rotary  converters,  the  present  practise  seems  to 
demand  that  the  voltage  be  regulated  within  one-tenth  of  i  per 
cent.  This  requirement  necessitates  the  use  of  from  48  to  60 
steps  in  the  rheostat  according  to  the  method  of  control  employed, 
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that  is,  whether  by  hand  or  by  automatic  devices  such  as  the 
Tirrill  regulator.  These  requirements  naturally  vary  with  (Uffer- 
ent  classes  of  apparatus,  but  generally  fall  within  the  limits 
specified. 

Rheostats  as  constructed  for  large  units  are  heat-produdag 
units  of  considerable  value,  and  as  such  resistance  material  is 
operated  at  temperatures  approaching  300  deg.  fahr.,  their  instal- 
lation should  be  carefully  considered  to  eliminate  fire  risk. 

It  is  believed  that  with  the  increasing  importance  of  the 
rheostat  as  forming  a  part  of  equipments  of  larg^e  capacity,  more 
attention  should  be  paid  to  its  installation  and  maintenance  than 
appears  to  be  the  case  in  many  central  stations. 

Brushes 

The  Committee  submits  the  following  statements  as  a  resume 
of  the  present  state  of  the  industry  in  the  application  of  brushes 
to  standard  existing  designs  of  commutating  apparatus,  and  at 
the  same  time  advises  that  cases  may  arise  where  it  ^^ill  be  found 
necessary  to  deviate  materially  from  the  practise  here  outlined. 

The  Hard  Carbon  Brush 

This  brush  is  selected  usually  on  account   of   its  hardness 
and  good  wearing  qualities  both  as  to  the  brush  itself  and  the 
effect  upon  the  commutator.     No  initial  lubrication  is  necessan, 
it  being  expected  that  the  station  engineer  will  use  his  judgment 
as  to  the  necessity  of  lubricating  the  commutator.      If  lubrica- 
tion is  applied  carelessly  or  too  freely  the  brushes  will  become 
gummed  up  and  stick  in  the  holders,  causing  sparking  and  pit- 
ting of  both  the  brush  and  commutator  surfaces.     The  usual 
current  density  allowable  for  this  brush  is  35  amperes  per  sq. 
in.  at  normal  speeds.     It  is  customary  to  use  it  on  all  slow  and 
moderate  speed  machines,  such  as  direct-connected  engine-driven 
generators  at  all  voltages,  direct-connected  exciters,   slow-speed 
turbines,  and,  in  connection  with  graphite  brushes,  on  motor-  gen- 
erator sets  above  500  kw.  at  300  volts  or  more,  where  it  is  unde- 
sirable to  operate   with  grooved  commutators.      This    is   done 
because   the  graphite  brush   does  not   have   sufficient    abrasive 
material  in  its  make-up  to  keep  the  mica  in  the  commutator  worn 
down  uniformly  with  the  copper,  the  usual  proportion  of  two- 
thirds  hard  carbon  and  one-third  graphite  brushes  being*  employed 
in  such  cases.    It  has  been  found  necessary  to  use  hard  brushes 
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on  high-voltage  commutators  in  many  cases,  due  to  the  higher 
percentage  of  mica  used  in  such  commutators. 

The  Treated  Hard  Carbon  Brush 

On  high-speed  machines  where  it  is  desirable  to  have  self- 
lubricating  brushes,  the  hard  carbon  brush  as  described  above  is 
impregnated  with  oil  or  grease.  This  provides  sufficient  lubri- 
cation until  the  commutator  surface  is  in  good  operative  condi- 
tion, after  which  it  is  necessary  only  to  keep  the  commutator 
clean  and  wipe  the  brushes  and  brush-holders  occasionally.  With 
this  type  of  brushy  however,  there  is  great  possibility  of  lack  of 
uniformity  in  density,  which  results  in  some  of  the  brushes  absorb- 
ing more  of  the  lubricating  agent  than  others,  bringing  about 
the  condition  mentioned  above,  due  to  improper  hand  lubrica- 
tion. To  overcome  this  condition  and  also  to  eliminate  the  neces- 
sity of  having  to  use  mixed  brushes  on  ungrooved  commutators, 
it  is  aimed  to  introduce  a  brush  with  such  a  mixture  of  carbon 
and  graphite  as  will  combine  mica  wearing  and  lubricating  qual- 
ities in  one.  The  treated  hard-carbon  brush  is  used  on  railway  and 
mill  type  motors,  motor  generator  sets  of  all  sizes  up  to  and 
including  500  kw.  at  and  above  300  volts,  and  up  to  and  includ- 
ing 150  kw.  below  300  volts.  With  this  type  of  brush,  a  cur- 
rent density  of  35  amperes  per  sq.  in.  is  permissible. 

The  Graphite  Brush 

This  brush  can  be  used  in  cases  where  relatively  high  den- 
sity, viz.,  50  amperes  per  sq.  in.,  is  necessary,  and  it  possesses 
excellent  lubricating  qualities,  having  a  low  coefficient  of  friction 
and  contact  resistance  as  compared  with  the  carbon  brush.  It  is 
adapted  to  high-speed  commutators  of  low  voltage  machines  in 
order  to  reduce  the  losses  between  commutator  and  brush,  and 
at  the  same  time  keep  the  size  of  the  commutator  within 
reasonable  limits.  It  is  used  on  motor  generator  sets  below  300 
volts  and  of  more  than  750-kw.  capacity.  It  can  be  placed  on 
grooved  commutators  only,  except  where  they  are  used  in  con- 
nection with  hard  carbon  brushes  to  wear  down  the  mica  as 
previously  explained.  They  are  also  used  on  direct-current  tur- 
bo-generators and  high-speed  field  collector  rings. 

The  Copper  Graphite  Brush 

This  is  a  metal  brush  made  up  of  a  combination  of  copper 
and  g^phite,  the  original  mixture  having  been  developed  for  use 
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on  the  collector  rings  of  rotary  converters  where  it  now  has  its 
most  general  application,  giving  excellent  and  successful  service. 
These  brushes  have  a  low  contact  resistance,  and  a  current  density 
of  125  amperes  per  sq.  in.  is  allowable. 

A  tnodification  of  this  mixture  is  also  used  on  commutators 
of  very  low  voltage  direct-current  machines,  such  as  for  elec- 
trolytic service,  and  for  automobile  generators  and  starting 
motors.  This  niodified  mixture  can  be  used  with  a  current  den- 
sity of  100  amperes  per  sq.  in. 

Operation  of  Brushes 

On  commutators  having  a  peripheral  speed  of  3500  to  4000 
ft.  per  min.,  15  deg.  brush-holders  should  be  used  and  the  brushes 
should  be  set  leading  at  450  rev.  per  min.  or  less,  and  trailing 
for  more  than  450  rev.  per  min.  Commutators  operating  above 
4000  ft.  per  min.  should  use  30  to  37 J4  deg.  leading  brushes.  In 
all  cases  where  mixed  brushes,  that  is,  part  carbon  brushes  and 
part  graphite  brushes  are  used,  the  brush  angle  should  be  15  deg. 
and  they  should  be  operated  trailing. 


Trailing  Leading 

Too  much  emphasis  cannot  be  placed  on  the  proper  care  and 
oiling  of  brushes  to  insure  proper  lubrication,  as  past  experience 
shows  that  lack  of  care  or  knowledge  of  this  subject  has  been 
responsible  for  unnecessary  failures  of  apparatus.  Recent  statis- 
tics show  the  life  of  carbon  brushes  to  average  approximately 
35,000  hours,  or  from  9  to  10  years,  under  ordinary  average 
hours  of  operation.  The  life  of  copper  leaf  brushes  in  connec- 
tion with  special  lubricating  brushes  when  used  on  collector 
rings  appears  to  average  about  76,000  hours,  equivalent  to  20 
years  of  ordinary  operation. 

End'Play  Devices 

End-play  devices  are  usually  of  a  mechanical  or  magnetic 
design,  and  where  employed  are  arranged  to  create  and  sustain 
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a  slow  longitudinal  oscillation  of  the  shaft  of  a  generator  to 
which  it  is  connected.  This  action  tends  to  prevent  the  grooving 
and  tracking  of  the  commutator  by  the  brushes,  and  when  supple- 
mented by  proper  staggering  of  the  brushes,  the  grooving  of  the 
commutator  is  usually  prevented. 

Improvements  in  brushes,  as  referred  to  elsewhere,  have 
tended  to  greatly  reduce  the  wear  of  commutators,  but  the  neces- 
sity of  operating  brushes  at  higher  cuf^rt  densities  has  largely 
counterbalanced  the  gains  effected  by  the  introduction  of  higher 
grade  brushes.  Difficulties  with  mechanical  end-play  devices  have 
been  confined  largely  to  breakage  of  springs,  wearing  and  break- 
ing of  raceways  and  steel  balls,  and  other  minor  failures  which 
have  materially  affected  their  efficiency.  Magnetic  devices  have 
failed  through  breaking  of  flexible  connections,  burning  of 
terminal  contacts  and  burning  out  of  series  resistance. 

Notwithstanding  the  trouble  encountered  with  these  devices 
and  the  great  improvements  effected  in  the  construction  and 
wearing  qualities  of  commutators  and  brushes,  it  is  the  unanimous 
opinion  of  both  manufacturers  and  operating  engineers  that  end- 
play  devices  should  be  retained  on  certain  classes  of  rotating 
apparatus,  such  as  rotary  converters  and  motor  generators. 

Outdoor  Substations 

In  the  previous  report,  mention  was  made  of  the  increasing 
tendency  toward  the  use  of  outdoor  switching  stations.  The 
installation  of  stations  of  this  character  is  not  limited  to  any 
particular  section  of  the  country,  as  they  are  in  successful  opera- 
tion in  northern  regions  where  subjected  to  heavy  snow  and  sleet 
storms,  and  in  southern  latitudes  where  intense  heat  and  heavy 
rain  fall  are  regularly  encountered.  Investigation  of  the  merit 
of  these  installations  reveals  certain  advantages  and  disadvantages 
to  be  met  with  in  such  construction  as  compared  with  indoor 
stations. 

Advantages 

(i)  Lower  first  cost 

(2)  Extensions  made  at  less  cost 

(3)  Reduction  of  fire  risk 

(4)  Cooling  of  air  blast  and  oil-cooled  transformers  found 

to  be  more  efficient 
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DisadTMmtages 

(i)     Trouble  from  moisture 

(2)  Interference  with  apparatus  by  outside  parties 

(3)  Repair  and  handling  of  apparatus,  especially  in  bid 

weather. 

So  far  as  can  be  learned,  manufacturers  have  made  definite 
progress  in  so  designing  the  switching  and  transforming 
apparatus  for  outdoor  installation  that  there  is  little  if  any  danger 
of  apparatus  supplied  for  such  purposes  proving  other  than  satis- 
factory. 

Troubles  have  been  encountered  with  the  partial  solidifia- 
tion  of  switch  and  transformer  oils  at  low  temperatures,  but  these 
have  been  remedied  by  the  development  of  a  suitable  oil  for  such 
conditions. 

Collections  of  moisture  at  transformer  and  switch  terminals, 
due  to  variations  in  temperature,  have  been  the  cause  of  man;. 
failures,  but  with  the  re-design  of  the  apparatus  for  more  liberal 
factors  of  safety,  all  such  troubles  appear  to  be  eliminated. 

A  most  important  feature  of  an  outdoor  station  is  the  pro- 
tection of  the  apparatus  from  lightning  discharges.  Until 
recently  the  aluminum  arrester  has  not  been  suitable  for  installa- 
tion out-of-doors  in  cold  climates,  yet  it  is  practically  the  only 
satisfactory  form  of  lightning  arrester  equipment  for  the  protec- 
tion of  high-tension  switching  and  converting  apparatus.  Recer.i 
developments  have  made  available  a  form  of  electrolyte  for 
aluminum  arresters  which  is  non-freezing  at  temperatures  in 
excess  of  20  deg.  fahr.  below  freezing,  thereby  permitting  the  use 
of  such  arresters  in  the  majority  of  cases. 

Aside  from  the  larger  outdoor  substations  there  appears  to 
be  an  increased  use  of  transmission  lines  for  distribution  pur- 
poses, which  has  led  to  numerous  smaller  installations  of  outdoor 
equipment  in  capacities  not  warranting  the  designation  of  sub- 
stations. While  manufacturers  offer  switching  and  transforming 
apparatus  suited  to  meet  practically  any  supply  requirement,  its 
application  to  these  situations  requires  all  the  attention  given  to 
larger  installations.  Transformers  are  available  of  10  kw.  an«] 
over,  arranged  to  transform  for  local  distribution  from  pressures 
as  high  as  66,000  volts  to  110-220  volts,  and  many  such  units  arc 
in  use ;  while  self-cooled  oil  transformers  up  to  3000-kw.  capacitv 
are  regularly  manufactured  for  such  purposes. 
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Where  metering  of  energy  is  necessary  it  should  be  done  on 
the  secondary  side,  since  metering  of  primary  current  is  to  be 
avoided  in  outdoor  substations  wherever  possible,  such  complica- 
tions defeating  the  object  of  these  installations,  where  simplicity 
is  of  prime  importance. 

Your  Committee  recommends  careful  consideration  of  this 
form  of  installation  as  affording  another  means  for  the  econom- 
ical supply  of  service  under  favorable  conditions. 

Figs.  ID  and  ii  illustrate  types  of  transformers  usually 
employed  in  outdoor  substations. 
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Oil  Switches  and  Iran-Clad  Switch  Gear 

Last  year's  report  indicated  considerable  progress  in  the 
details  of  oil-switch  construction,  largely  as  a  result  of  several 
very  complete  tests  carried  on  in  Chicago  and  at  Niagara  FaUs, 
and  the  circuit  opening  problem  is  now  better  understood.  As  a 
result  of  the  information  acquired  from  these  tests,  manufacturers 
of  switches  have  made  many  improvements  in  design,  thereby 
effecting  marked  progress  in  switching  apparatus.  Changes  in 
baffling  and  similar  details  have  resulted  in  a  substantial  increase 
in  rupturing  capacity.  In  some  instances  a  small  reactance  is 
automatically  cut  into  circuit  after  the  main  contact  is  opened  and 
before  the  final  break  of  the  circuit  is  complete,  thus  limiting  the 
current  and  making  it  unnecessary  to  break  the  full  power  of  the 
circuit  on  the  last  contact.  This  switch  or  circuit-breaker  in 
reality  consists  of  a  double  circuit-breaker  having  two  complete 
sets  of  contacts  and  self-contained  reactance  coils,  included  in  and 
operated  by  a  single  mechanism.  One  set  of  the  contacts  are 
known  as  main  contacts  and  normally  conduct  the  total  current 
when  the  breaker  is  closed.  These  are  shunted  by  appropriate 
reactance  coils  and  an  additional  set  of  contacts,  which  carry  cur- 
rent only  during  the  operation  of  the  breaker  in  the  act  of  closing 
or  opening.  This  type  of  breaker  is  very  promising  and  will  un- 
doubtedly occupy  an  important  position  among  devices  of  this 
character  employed  in  heavy  duty  work. 

One  of  the  details  which  has  received  much  attention  is  the 
matter  of  disconnectives  immediately  outside  of  the  switch.  In 
one  development  the  entire  switch  is  arranged  to  be  dropped 
about  six  inches,  thereby  disengaging  the  connections  directly 
above  the  oil  tanks.  One  of  the  switches  illustrated  in  last  year's 
report  is  so  arranged  that  each  tank,  with  all  of  the  operating 
mechanism  within  it,  can  be  drawn  forward  on  wheels  after  the 
disconnecting  blades  above  the  insulators  are  opened.  The  fea- 
ture of  rapid  removability  of  the  switch  from  the  remainder  of 
the  structure  has  much  in  its  favor  and  should  receive  more  atten- 
tion in  the  future. 

Brief  mention  was  made  in  last  year's  report  of  a  type  of 
English  iron-clad  switch  gear.  American  manufacturers  are  now 
actively  engaged  in  preparing  a  line  of  enclosed  sectional  switdi 
gear  for  varied  purposes.  Such  enclosed  switch  gear,  built  either 
m  cabinet  form,  like  many  of  the  European  switchboards,  or,  pre- 
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ferably,  in  some  simpler  modification  of  that  construction,  should 
find  ready  use  in  many  American  installations.  Elach  switch  gear 
and  instrument  cabinet  section  should  be  complete  in  itself,  ready 
for  a  similar  section  to  be  placed  on  either  side  with  the  absolute 
minimum  of  erecting  work,  like  a  sectional  bookcase.  This  would 
result  in  standardizing  switchboard  construction  to  a  greater 
extent  and  would  reduce  the  total  cost,  since  a  g^eat  deal  of  work 
can  be  done  wholesale  in  factories  much  more  economically  than 
it  can  be  in  individual  installations. 

The  Committee  again  emphasizes  the  importance  of  develop- 
ing rapid-opening  switches,  these  being  of  great  value  in  certain 
situations.  In  making  this  statement,  it  is  admitted  that  experi- 
ence shows  that  the  rapid  rupturing  of  currents  of  large  volume 
in  connection  with  underground  cable  systems  may  develop 
abnormal  rises  of  potential  or  surges  dangerous  to  other  appa- 
ratus. Nevertheless  there  are  situations  where  it  is  imperative 
that  rapid  action  be  obtained  and  a  sufficient  factor  of  safety 
must  be  maintained  elsewhere  in  the  system  to  permit  such  opera- 
tion. 

Tests  of  standard  circuit-breakers  reveal  operating  speeds 
varying  from  a  minimum  of  0.09  seconds  to  an  average  of  0.3  to 
0.6  seconds,  depending  on  the  type  of  circuit-breaker  and  relay 
and  the  method  of  tripping. 

Detailed  reports  of  tests  on  oil  switches  and  circuit-breakers 
may  be  found  in  the  following  publications : 

Paper,  Messrs.  Schuchardt  and  Schweitzer,  A.  I.  E.  E.  Pro- 
ceedings, 191 1 

Paper,  Mr.  E.  B.  Merriam,  A.  I.  E.  E.  Proceedings,  191 1. 

Paper,  J.  N.  Mahoney,  Electrical  Journal,  Sept.,  1912 

Automatic  Feeder  Regulators 

Refinements  in  mechanical  construction  and  some  slight 
improvement  in  efficiency  constitute  the  principal  changes  in 
feeder  regulating  apparatus  since  the  last  report  was  presented. 

A  number  of  failures  of  induction  regulators  have  been 
reported  during  the  year,  and  in  almost  every  case  the  failure 
was  attributed  to  insufficient  insulation,  due  principally  to  the 
use  of  poor  materials.  The  attention  of  the  manufacturers  has 
been  directed  to  these  failures  and  it  is  believed  that  similar 
troubles  will  not  develop  in  regulators  of  recent  construction. 


The  types  of  rtgalaors  available  are  aaiiifM^  u> 
tion  2nd  fo-catted  B.R.  or  '^switcfa''  type    In  die 
type  the  tpeed  oi  operation  from  full  boost  to  iaSl  bock  a^poQ 
to  be  stzadsLfdizcA  at  approximately  nine  to  ten 
where  die  duty  reqtiired  does  not  imrolve  regnlatms 
rapidly  varying  motor  loads,  this  r^^ulator  is  entirely 

In  certain  situations  where  both  hgfating  and 
are  supfdied  from  the  same  feeder,  it  has  been  foond  dcsrsiu* 
and  necessary  to  resort  to  the  more  rapid  B^  Qrp^  of  r^:iia:x 
to  insure  freedom  from  perceptible  variations  in  lig^itin^  presssrt. 
As  is  well  known,  the  B.R.  r^;ulator,  owing  to  its  lighter  rxT- 
ing  parts  and  method  of  operation,  completes  full  travd  irxi 
buck  to  boost  in  three  to  five  seconds,  accomplishrng  thereto 
most  perfect  r^^ulation. 

When  considering  the  merits  of  the  two  types  of  r^nlaiors 
for  any  class  of  service,  it  should  be  appreciated  that  the  recorenr 
of  the  B.R«  regulator  is  a  straight  line  curve  and  at  a  fixed  r^ie. 
whereas  the  induction  regulator  curve  is  relatively  fiat  at  d)e 
start,  due  to  the  comparatively  heavy  effort  required  to  accelerate 
its  moving  parts.  As  the  rapidity  of  correction  is  most  important 
in  all  regulating  apparatus,  this  feature  of  operation  at  the  stait 
is  worthy  of  careful  consideration,  and  should  be  balanced  against 
the  increased  cost  of  the  more  rapid  regulator. 

One  manufacturer  has  developed  an  automatic  single-phase 
induction  regulator  of  small  capacity,  shown  in  Fig.  12,  arranged 
for  installation  on  a  pole  in  exactly  the  same  manner  as  a  trans- 
former. This  regulator,  while  in  every  way  comparable  with  the 
ordinary  induction  regulator  as  regards  efficiency  and  construc- 
tion, has  the  entire  operating  mechanism,  including  dri\'ing 
motor  and  voltage  relay,  assembled  within  a  suitable  iron 
weatherproof  case,  and  when  installed  it  may  be  expected  to 
operate  for  long  periods  without  requiring  other  than  occasional 
ins[>ection.  This  form  of  regulator  should  prove  particularly 
useful  in  suburban  distribution  on  feeder  circuits  extending  over 
wide  areas  of  sparsely  settled  territory.  Its  use  will  make  possi- 
ble the  individual  regulation  of  taps  from  the  main  feeder  for 
lighting  service  for  small  villages  or  groups  of  consumers,  entirely 
apart  from  such  regulation  as  is  given  to  other  parts  of  the  same 
feeder  at  the  station,  and  in  that  way  make  possible  the  use  of 
transformers  and  lamps  of  similar  voltage  throughout  such  dis- 
tribution systems. 
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circuit  is  closed  by  the  relay.  More  and  more  experience  shovs 
tnat  a  most  important  factor  in  protective  equipment  is  a  rapid 
opening  switch,  and  progress  in  that  direction  will  go  far  to  fadf 
solve  the  relay  problem  satisfactorily. 

Reports  of  additional  applications  of  the  Merz-Price  system 
of  balanced  protection  have  reached  the  Committee,  and  it  may  he 
stated  that  so  far  as  is  known  the  use  of  this  system  has  beeo 
uniformly  successful  wherever  tried  in  this  country. 

In  answer  to  an  urgent  demand  for  a  reliable  altematixig- 
current  reverse  current  relay,  one  manufacturer  has  developed  a 
device  of  that  character  for  which  broad  claims  are  made.  Con- 
structed on  the  principle  of  the  watt-hour  meter,  this  relay  is  said 
to  be  effective  in  preventing  the  tripping  of  the  main  switch  so 
long  as  the  current  is  flowing  in  the  right  direction,  even  althoagh 
both  voltage  and  power-factor  drop  to  2  per  cent  of  their  normal 
value.  It  is  claimed  that,  owing  to  its  reliable  operation  and 
unfailing  ability  to  properly  select  between  overload  and  reverse 
current,  it  will  prove  entirely  satisfactory  for  the  protection  of 
parallel  feeders,  and  in  most  situations  where  tandem  and  ring 
systems  of  feeders  are  operated.  As  yet,  the  Committee  has  no 
information  covering  the  actual  use  of  this  relay  in  conmiercial 
service. 

In  general  this  subject  is  receiving  constant  attention  from 
manufacturers  and  individuals,  some  of  whom  have  evolved  meri- 
torious methods  of  protecting  electric  supply  systems,  and  it  is 
hoped  that  the  result  of  their  efforts  will  be  a  solution  of  some 
of  the  difficulties  now  experienced  in  providing  full  protection 
for  our  apparatus. 

Rectifiers 

Aside  from  the  development  of  minor  defects  in  the  construc- 
tion of  the  coils  as  supplied  by  one  manufacturer,  there  have  been 
no  reports  of  mechanical  failures  of  rectifiers  during-  the  year. 
.These  troubles,  being  due  to  insufficient  insulation,  have  been 
quickly  remedied  and  may  not  be  expected  to  appear  again.  The 
operation  of  the  tubes  still  leaves  much  to  be  desired  if  we  are  to 
obtain  a  more  even  performance  in  service,  and  the  elimination 
of  the  frequent  service  interruptions  due  to  the  momentary 
dropping  of  load  in  the  tubes.  So  serious  has  this  feature  of 
rectifier  operation  on  high  voltage  circuits  of  6000  to  7000  volts 
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load  is  automatically  transferred  to  the  duplicate  set  of  tubes 
without  interrupting  the  circuit  operated  by  the  rectifier.  This  u 
accomplished  by  the  action  of  the  automatic  shaking^  device  whicfa 
comes  into  action  instantly  to  shake  the  tubes  if  there  is  any  redac- 
tion of  the  current  in  the  series  circuit  below  a  predetermioo! 
value.  As  operated  experimentally,  this  arrangement  is  partica- 
larly  effective  and  it  is  believed  that  with  the  perfection  of  the 
mechanical  features  of  the  new  form  of  equipment,  which  mnsi 
of  necessity  be  developed  to  include  the  additional  apparatui. 
the  great  majority  of  the  interruptions  now  experienced  fror; 
tube  failures  will  be  eliminated,  thus  placing  the  apparatus  on  a 
high  plane  of  reliability  for  commercial  service. 

In  the  newer  designs  of  tube  tanks  a  valuable  improvement 
has  been  effected  by  providing  glass  windows  in  the  tank  covcr^ 
this  feature  affording  a  full  view  of  the  tubes  and  their  connec- 
tions at  all  times  while  in  service. 

As  a  further  result  of  these  experiments  it  is  hoped  that  an 
improved  method  of  cooling  the  oil  in  the  tube  tanks  will  result 
in  a  material  reduction  in  the  amount  of  water  required  for  that 
purpose  in  cool  climates,  and  in  excessively  warm  localities  that 
more  efficient  cooling  will  be  accomplished  than  is  possible  with 
the  present  forms  of  this  apparatus. 

Electrolytic  Lightning  Arresters  ^ 

Material  improvements  are  noted  in  the  design  and  construc- 
tion of  electrolytic  arresters,  among  which  are  found  new  arrange- 
ments of  horn  gaps  and  charging  resistances,  short-circuiting  and 
transfer  devices,  and  separately  mounted  fuses,  all  of  which 
replace  earlier  forms  of  equipment.  On  systems  of  moderate 
voltage,  fuses  are  now  recommended  to  serve  as  cut-outs  between 
the  line  and  horn  gaps,  and  on  high  voltage  systems  up  to  70,000 
volts,  as  recommended  by  only  one  manufacturer,  fuses  are 
installed  between  horn  gaps  and  arrester  tanks,  in  which  cases 
they  do  not  serve  as  cut-outs  for  the  horn  gaps. 

In  general  the  use  of  disconnecting  switches  with  lightning 
arresters  of  this  type  is  recommended  in  order  to  safeguard 
operators  who  are  delegated  to  care  for  and  adjust  the  apparatus. 
The  Committee  is.  advised  that  the  development  of  a  combined 
primary  fuse  and  disconnecting  switch  is  in  progress,  which  if 
satisfactory  will  be  a  material  improvement  oyer  present  appa- 
ratus. 
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*  The  advisability  of  providing  barriers  or  enclosures  around 

"^  lightning  arresters,  whether  installed  within  doors  or  outdoors, 
\'  IS  definitely  recognized,  and  in  addition  great  care  should  be 
'..  exercised  to  ground  all  pipe  frameworks  included  in  and  around 
.^  arrester  installations. 

-  Further  experience  with  the  use  of  an  ammeter  to  accurately 

:  determine  charging  currents  makes  it  evident  that  its  use  is  to 
be  recommended,  as  it  is  of  great  value  in  determining  the  exact 
condition  of  the  electrolyte. 

Choke  coils  are  recommended  in  some  cases  for  installation 
with  arresters  on  feeders  and  where  used  they  are  placed  on  the 
line  side  of  the  disconnecting  switches  in  order  to  secure  the 
benefit  of  their  protection  for  the  switches. 

In  the  past  various  arrangements  of  arresters  have  been 
specified  by  manufacturers  for  grounded  and  ungrounded  neutral 
systems,  but  at  present  there  appears  to  be  a  unanimity  of  opinion 
in  recommending  the  use  of  arresters  as  arranged  for  non- 
grounded  systems,  whether  the  system  is  to  be  grounded  or  not. 
Marked  improvement  in  the  electrolyte  furnished  with 
arresters  is  noted  and  the  elimination  or  prevention  of  fungus 
growth  appears  to  have  been  successfully  accomplished.  It  may 
further  be  added  that  an  electrolyte  is  now  available  which  may 
be  subjected  to  comparatively  low  temperatures.  20  deg.  fahr. 
below  freezing,  without  materially  affecting  its  efficiency.  This 
will  undoubtedly  permit  the  use  of  electrolytic  arresters  in  many 
locations  not  previously  convenient  for  their  installation. 

There  is  still  a  great  diversity  of  opinion  among  engineers 
regarding  the  advisability  of  using  arresters  of  this  type,  some 
preferring  to  be  without  protection  rather  than  use  them,  while 
others  feel  that  a  substantial  measure  of  protection  is  afforded 
by  their  use.  In  view  of  the  many  changes  in  design  and  con- 
struction that  are  continually  being  effected  in  this  apparatus, 
the  Committee  is  not  preparad  to  make  definite  recommendations 
for  its  use,  but  believes  that  in  most  cases  where  its  use  has  been 
along  approved  lines,  benefits  have  accrued  to  the  users. 
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load  is  automatically  transferred  to  the  duplicate  set  of  tubes 
without  interrupting  the  circuit  operated  by  the  rectifier.  This  is 
accomplished  by  the  action  of  the  automatic  shaking  device  which 
comes  into  action  instantly  to  shake  the  tubes  if  there  is  any  reduc- 
tion of  the  current  in  the  series  circuit  below  a  predetermined 
value.  As  operated  experimentally,  this  arrangement  is  particu- 
larly effective  and  it  is  believed  that  with  the  perfection  of  the 
mechanical  features  of  the  new  form  of  equipment,  which  must 
of  necessity  be  developed  to  include  the  additional  apparatus, 
the  great  majority  of  the  interruptions  now  experienced  from 
.  tube  failures  will  be  eliminated,  thus  placing  the  apparatus  on  a 
high  plane  of  reliability  for  commercial  service. 

In  the  newer  designs  of  tube  tanks  a  valuable  improvement 
has  been  effected  by  providing  glass  windows  in  the  tank  covers, 
this  feature  affording  a  full  view  of  the  tubes  and  their  connec- 
tions at  all  times  while  in  service. 

As  a  further  result  of  these  experiments  it  is  hof)e(i  that  an 
improved  method  of  cooling  the  oil  in  the  tube  tanks  will  result 
in  a  material  reduction  in  the  amount  of  water  required  for  that 
purpose  in  cool  climates,  and  in  excessively  warm  localities  that 
more  efficient  cooling  will  be  accomplished  than  is  possible  with 
the  present  forms  of  this  apparatus. 

Electrolytic  Lightning  Arresters  ^ 

Material  improvements  are  noted  in  the  design  and  construc- 
tion of  electrolytic  arresters,  among  which  are  found  new  arrange- 
ments of  horn  gaps  and  charging  resistances,  short-circuiting  and 
transfer  devices,  and  separately  mounted  fuses,  all  of  which 
replace  earlier  forms  of  equipment.  On  systems  of  moderate 
voltage,  fuses  are  now  recommended  to  serve  as  cut-outs  between 
the  line  and  horn  gaps,  and  on  high  voltage  systems  up  to  70,000 
volts,  as  recommended  by  only  one  manufacturer,  fuses  are 
installed  between  horn  gaps  and  arrester  tanks,  in  w^hich  cases 
they  do  not  serve  as  cut-outs  for  the  horn  gaps. 

In  general  the  use  of  disconnecting  switches  with  lightning 
arresters  of  this  type  is  recommended  in  order  to  safeguard 
operators  who  are  delegated  to  care  for  and  adjust  the  apparatus. 
The  Committee  is,  advised  that  the  development  of  a  combined 
primary  fuse  and  disconnecting  switch  is  in  progress,  which  if 
satisfactpry  will  be  a  material  improvement  over  present  appa- 
ratus. 
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The  advisability  of  providing  barriers  or  enclosures  around 
lightning  arresters,  whether  installed  within  doors  or  outdoors, 
is  definitely  recognized,  and  in  addition  great  care  should  be 
exercised  to  ground  all  pipe  frameworks  included  in  and  around 
arrester  installations. 

Further  experience  with  the  use  of  an  ammeter  to  accurately 
determine  charging  currents  makes  it  evident  that  its  use  is  to 
be  recommended,  as  it  is  of  great  value  in  determining  the  exact 
condition  of  the  electrolyte. 

Choke  coils  are  recommended  in  some  cases  for  installation 
with  arresters  on  feeders  and  where  used  they  are  placed  on  the 
line  side  of  the  disconnecting  switches  in  order  to  secure  the 
benefit  of  their  protection  for  the  switches. 

In  the  past  various  arrangements  of  arresters  have  been 
specified  by  manufacturers  for  grounded  and  ungrounded  neutral 
systems,  but  at  present  there  appears  to  be  a  unanimity  of  opinion 
in  recommending  the  use  of  arresters  as  arranged  for  non- 
grounded  systems,  whether  the  system  is  to  be  grounded  or  not. 

Marked  improvement  in  the  electrolyte  furnished  with 
arresters  is  noted  and  the  elimination  or  prevention  of  fungus 
jT^rowth  appears  to  have  been  successfully  accomplished.  It  may 
further  be  added  that  an  electrolyte  is  now  available  which  may 
be  subjected  to  comparatively  low  temperatures,  20  deg.  fahr. 
below  freezing,  without  materially  affectin.e^  its  efficiency.  This 
will  undoubtedly  permit  the  use  of  electrolytic  arresters  in  many 
locations  not  previously  convenient  for  their  installation. 

There  is  still  a  great  diversity  of  opinion  among  engineers 
regarding  the  advisability  of  using  arresters  of  this  type,  some 
preferring  to  be  without  protection  rather  than  use  them,  while 
others  feel  that  a  substantial  measure  of  protection  is  afforded 
by  their  use.  In  view  of  the  many  changes  in  design  and  con- 
struction that  are  continually  being  effected  in  this  apparatus, 
the  Committee  is  not  preparad  to  make  definite  recommendations 
for  its  use,  but  believes  that  in  most  cases  where  its  use  has  been 
along  approved  lines,  benefits  have  accrued  to  the  users. 
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High  Potential  Testing  Apparatus 

Increasing  interest  in  this  class  of  apparatus  is  apparent  from 
the  many  inquiries  directed  to  manufacturers  and  users  of  such 
equipment.  A  number  of  member  companies  have  ordered  or 
are  preparing  to  order  testing  equipments  of  larger  capacities 
suitable  for  use  in  testing  underground  cables  and  station  appa- 
ratus. Reports  from  those  companies  that  regularly  carry  out 
high  potential  tests  on  their  apparatus  would  seem  to  show  that 
its  use  was  fully  justified  in  searching  for  defects  in  advance  of 
failure  of  apparatus. 

The  specific  design  of  such  apparatus  varies,  but  for  general 
work  rtsquiring  small  capacities,  6o-cycle  testing  outfits  offer  the 
best  propositions.  For  capacities  requiring  in  the  neighborhood 
of  looo  kilovolt-amperes,  single-phase  at  60  cycles,  it  may  be 
desirable  in  order  to  obtain  the  benefit  of  the  cost  of  small  capacity 
apparatus  to  go  to  25  cycles,  as  the  transformers  and  reactances 
can  then  be  of  capacities  in  the  ratio  of  25  to  60.  Sixty-cycle 
testing  outfits,  however,  offer  a  more  rigid  test  of  voltages  applied 
for  the  same  length  of  time,  as  the  maximum  number  of  voltage 
points  in  60-cycle  apparatus  over  2S-cycle  apparatus  will  also  be 
in  the  proportion  of  60  to  25. 

The  use  of  frequency  lower  than  25  cycles  has  been  con- 
sidered, but  because  of  the  small  number  of  maximum  voltage 
points  in  the  given  time,  and  also  the  large  increase  in  cost,  especi- 
ally as  regards  the  generator,  it  has  been  deemed  inadvisable  to 
use  frequencies  below  25  cycles. 

Tests  have  shown  that  the  best  transformers  can  be  designed 
with  taps  for  various  voltages  in  the  low  tension  winding,  but 
that  the  high  tension  winding  should  in  all  cases  be  supplied  with- 
out taps,  and  there  should  of  course  be  no  high  tension  switching. 
Testing  transformers  are  supplied  with  a  voltmeter  coil  wound  on 
the  core  in  such  a  position  as  to  be  affected  by  the  same  flux  as 
the  high  tension  winding,  as  this  has  been  found  to  be  the  most 
accurate  method  of  reading  the  high  tension  voltages. 

For  testing  3-conductor  cables  on  3-phase  transmission  lines 
it  is  sometimes  advisable  to  use  3-phase  generators,  testing  trans- 
formers and  reactances  in  order  to  reduce  the  number  of  tests 
necessary  to  determine  a  weak  spot  in  the  line.  This  saving  in 
time,  however,  does  not  always  warrant  the  increase  in  cost  of 
3-phase  over  single-phase  apparatus  and  the  most  common  testing 
outfits  are  for  single-phase  work  only. 
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Considering  either  the  3-phase  or  single-phase  apparatus  le 
have  a  number  of  alternatives  from  which  to  make  our  choice. 

(i)  An  induction  regulator  and  testing  transformer  witk 
low  tension  winding  designed  to  operate  in  connection  with  dk 
regulator  from  supply  bus-bars.  This  is  not  recommended,  h 
the  system  may  vary  considerably  from  a  true  sine  wave  and  in 
addition  to  this  the  induction  regulator  for  large  values  oi 
leading  or  lagging  current  adds  considerably  to  this  distortioD. 

(2)  A  motor-generator  set  with  sine  wave  generator, 
designed  for  the  full  capacity  of  the  charging  current  in  the  line 
and  all  losses  of  the  testing  apparatus.  With  this  would  be  used 
a  testing  transformer  of  the  same  capacity. 

(3)  A  motor-generator  set  with  sine  wave  generator  oi 
capacity  only  sufficient  to  supply  the  losses,  a  transformer  of  foB 
capacity  as  in  (2),  and  a  shunt  reactance  in  the  low  tension  cir- 
cuit of  the  transformer  sufficient  to  balance  the  leading  curreot 
taken  by  the  cable  under  test  and  thus  allow  the  generator  to 
run  at  nearly  unity  power-factor,  a  condition  favorable  to  good 
wave  shape.    This  also  helps  in  maintaining  regulation. 

(4)  A  motor-generator  set  with  sine  wave  generator  with 
capacity  to  supply  the  losses,  a  transformer  of  the  same  size  and  a 
reactance  of  the  same  capacity  as  in  (3),  connected  in  the  high 
tension  circuit  of  the  transformer. 

(5)  Similar  to  (4),  with  the  exception  that  the  reactance 
will  be  variable  instead  of  constant. 

(6)  A  motor-generator  set  with  sine  wave  generator  large 
enough  to  supply  the  losses  and  a  transformer  of  the  same  capac- 
ity as  in  (3),  with  a  gap  in  the  core  to  provide  the  necessary 
shunt  reactance,  or  in  other  words  a  large  exciting  current. 

Of  these,  the  full  capacity  generator  and  transformer  will  be 
the  most  expensive,  and  the  cost  of  the  others  is  in  the  order  in 
which  they  are  listed.  The  cost  of  the  regulator  and  transformer 
for  use  on  the  system  will  depend  upon  the  frequency. 

As  there  is  no  way  of  changing  the  reactance  of  the  equip- 
ment in  (2),  the  generator  will  be  subjected  to  heavy  leading  and 
lagging  currents,  and  consequently,  even  though  the  generator  be 
specially  designed,  the  deviation  from  a  true  sine  v/ave  may  be 
in  the  neighborhood  of  between  15  and  20  per  cent. 

For  low  voltage  work — that  is,  testing  at  voltages  of  30,000 
or  below,  (4)  is  superior  to  (3).    For  higher  voltages  than  this 
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^   it  is  difficult  to  design  reactances  for  the  high  tension  side,  and 
(3)  should  be  used  in  preference  to  (4)  or  (5). 

In  (4),  for  capacities  up  to  approximately  one-half  the  total 

*  capacity,  the  transformer  would  be  used  without  the  reactance 
"  and  the  reactance  would  be  in  circuit  for  testing  lines  requiring 
■•    capacities  between  one-half  normal  and  normal. 

In   (s)   the  variable   reactance  which  is  usually  limited  to 

small  sizes  should  be  provided  with  a  movable  core  and  the  reac- 

'•    tance  kept  in  circuit  with  the  transformer  for  all  loads,  the  varia- 

*  tions  being  made  according  to  conditions  of  test. 

On  (6)  the  shunt  reactance  is  fixed,  so  that  the  power-factor 
of  the  load  on  the  generator  will  vary  with  the  length  of  cable  to 
be  tested,  which  will  cause  a  considerable  variation  in  wave  shape 
and  effective  voltage.  It  is  believed  that  the  variation  will  be 
between  allowable  limits.  The  reactance  could  be  varied  by 
adjusting  the  air-gap,  but  in  the  case  of  a  large  transformer  this 
would  introduce  a  complicated  and  expensive  mechanical  design 
on  account  of  the  large  magnetic  forces  to  be  balanced. 

Testing  with  high  voltage,  direct  current  has  been  considered, 
but  enough  experimental  work  has  not  yet  been  carried  on  to 
determine  its  advantages  and  disadvantages  as  regards  the  appa- 
ratus or  its  effect  on  a  cable  under  test.  It,  however,  offers  the 
possibility  of  low  capacity  testing  apparatus  irrespective  of  the 
length  of  a  tested  cable,  but,  on  the  other  hand,  it  offers  a  con- 
stant voltage  instead  of  a  large  number  of  maximum  voltage 
points  per  second,  thereby  materially  reducing  the  severity  of  a 
test  when  compared  with  a  test  with  alternating-current  potential 
of  equal  value  for  the  same  period. 

Efforts  to  obtain  high  direct-current  voltage  through  the  use 
of  a  number  of  high  voltage  direct-current  generators  in  series, 
or  by  using  high  voltage  mercury  arc  rectifiers  similarly  connected, 
have  not  been  successful,  so  that  the  development  of  direct-current 
testing  facilities  for  high  voltage  work  is  still  in  the  future. 

Reference  has  been  made  to  the  provision  of  a  special  wind- 
ing on  testing  transformers  for  use  in  measuring  the  testing 
potential  in  place  of  using  an  auxiliary  potential  transformer  on 
spark-gaps. 

The  needle  spark-gap  is  not  accurate  and  as  at  present  used 
furnishes  only  a  rough  check  on  the  voltage.  The  voltage  as 
measured  by  spark-gap  may  vary  from  the  following  causes: 
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Variation  in  wave  form 

Transient  voltage  generated  l)y  unstable  conditions  ui  id 
circuit 

Ionization  of  air. 

The  spark  gap  is  proportional  to  the  maximum  value  of  the 
potential  wave  and  thus  depends  upon  the  variation  of  wave  shape 
when  compared  with  the  voltage  read  from  a  voltmeter  coil  od 
the  transformer,  which  is  the  most  accurate  method  of  measuring 
the  mean  effective  voltage. 

The  resistance  generally  used  in  series  with  spark-gap  in 
most  tests  varies  from  one  to  five  ohms  per  volt — that  is,  it  will 
allow  from  one-fifth  to  one  ampere  of  current  across  the  spark- 
gap.  The  higher  value  of  current  is  used  with  a  large  testing 
transformer.  For  instance,  a  500-kilovolt-ampere  testing  trans- 
former  could  stand  one  ampere  at  500,000  volts  without  overload- 
ing. It  is  preferable  to  use  water-tube  resistance  as  being  more 
reliable  than  carbon  rods,  on  account  of  the  coherer  action  of  the 
latter  and  also  of  their  wide  variation  in  resistance. 

The  use  of  sphere  spark-gaps  will  probably  be  recommended 
to  the  Institute  as  more  accurate  than  the  needle-gap.  Tht 
sparking  distances  with  spheres  are  smaller  than  virith  needle-gaps 
but  the  method  is  accurate  and  reliable  only  within  a  certain  rang; 
for  each  size  of  sphere — that  is,  a  range  in  which  the  distance 
between  the  surface  of  spheres  is  not  over  three  times  the  radius. 
Thus  for  300  kilovolts  it  becomes  necessary  to  use  a  sphere 
approximately  25  cm.  or  10  in.  diameter,  the  sparking 
distances  between  surfaces  for  such  spheres  being  about  31  cm. 
(t2.2  in.  for  300  kilovolts).  A  2.54  cm.  (i  in.  sphere)  gives  reli- 
able results  up  to  60.000  to  80,000  volts.  The  sparking^  distance 
when  spheres  are  used  is  less  than  needle-gaps  unless  small 
spheres  are  used  for  large  gaps  and  high  voltages,  in  which  case 
the  breakdown  voltages  are  affected  by  corona  and  the  readings 
depart  from  the  regular  curve. 

DISCUSSION 

Mr.  M()Ui/hu>p:  Without  appearing  to  be  criticising  my  dis- 
tinguished colleague  who  has  just  submitted  this  report,  I  am 
disappointed  that  he  did  not  emphasize  one  feature  more  strong- 
ly,  that   relating  to   the  noise   from   running  machinery.      Wc 
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are  having  a  great  deal  of  trouble  with  that  in  Boston,  and  I 
know  that  other  large  companies  are  having  some  trouble.  In 
the  olden  days  when  we  had  only  one  or  two  stations,  and  they 
were  in  sections  of  the  town  or  city  where  noise  was  not  objec- 
tionable, we  paid  no  attention  to  this  thing;  but  as  the  business 
grew  we  have  put  sub-stations  in  suburban  and  residence  sec- 
tions, and  in  other  places  where  quiet  is  imperative,  and  we  are 
finding  it  very  difficult  to  operate  the  present  apparatus  and  keep 
the  neighbors  happy. 

This  is  a  subject  that  we  have  been  discussing  with  the 
manufacturers  at  considerable  length  for  some  time,  and  I  do  not 
get  much  satisfaction  from  them.  They  tell  me  the  solution  is 
to  box  the  station  up  and  have  artificial  lighting,  forced  ventila- 
tion, and  all  that  sort  of  thing.  That  may  be  the  solution,  but 
I  hate  to  think  that  we  are  going  to  make  jails  out  of  o/ur 
sub-stations  and  have  our  operators  work  in  them.  It  does  seem 
to  me  that  there  might  be  some  effort  made  towards  giving  us 
at  low  cost  the  same  efficient  rotating  machinery  that  we  are 
getting  to-day,  and  still  have  it  reasonably  quiet  in  action.  I  do 
not  think  the  expedient  of  entirely  enclosing  our  stations  is  alto- 
gether happy.  We  have  tried  that  in  one  of  our  stations  located 
in  a  sub-basement,  where  the  only  connection  with  the  outside  is 
through  ventilating  flues  30  to  50  feet  in  length,  and  when  the 
majority  of  our  apparatus  is  running  in  that  station  there  is  so 
much  noise  that  the  operator  cannot  use  the  telephone  even 
with  the  use  of  the  approved  sound-proof  booth.  I  trust  there 
will  be  something  more  brought  out  on  this  subject  during  the 
morning. 

Mr.  R.  F.  Schuchardt,  Chicago:  As  usual,  the  report  of 
this  committee  is  full  of  good  meat  and  splendidly  arranged. 
It  is,  therefore,  of  considerable  value  to  the  members,  and  really 
but  very  little  can  be  added  to  it. 

Mr.  Insull  stated  last  night  that  our  visitors  could  find  a 
few  things  of  interest  and  value  in  Chicago,  and  it  has  occurred 
to  me  that  reference  to  some  of  the  things  in  our  operating  sys- 
tem that  are  referred  to  in  the  report  might  be  of  interest. 

The  30,000-kw.  machine  that  Mr.  Abbott  referred  to  is  a 
1 500- revolution  machine,  the  output  of  which  is  to  be  controlled 
by  electrically  operated  switches  similar  to  those  the  delegates 
have  seen  in  the  Northwest  Station.    These  are  now  operated  on 
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the  20,0(X)-kw.  units,  and  with  the  special  arrangements  indudri 
in  their  design  based  on  the  tests  made  at  the  Fisk  Street  Si- 
tion  three  years  ago,  have  given  us  considerable  confidence  ii 
their  proper  action.  This  30,000-kw.  machine  will  be  a  gooy 
volt  unit,  differing  in  that  respect  from  the  two  machines  at  & 
Northwest  Station. 

With  reference  to  proper  amounts  of  reactance  I  do  not 
entirely  agree  with  the  statement  on  page  498,  that  the  percentages 
recommended  should  be  accepted  without  qualification.  What  we 
are  interested  in  is  limiting  the  amount  of  energy  available  aod 
delivering  it  at  such  a  point  that  we  can  handle  it  properly  wifli 
a  switch.  The  limit  of  6o,ooo-kw.  capacity,  as  the  limit  whid 
it  is  desirable  to  have  on  any  one  section  of  the  system,  refers 
to  the  Chicago  system,  and  that  limit  was  placed  at  a  time  before 
we  had  current-limiting  reactances.  Up  to  the  present  time  we 
have,  of  course,  had  no  occasion  to  change  this  limit.  We  are 
still  operating  within  it,  but  it  is  very  probable  that  the  addition 
of  these  larger  units;  and  the  rearrangement  which  will  come, 
incident  to  that,  will  make  it  necessary  and  very  desirable  10 
increase  that  limit.  How  high  it  will  be  made  we  are  not  pit- 
pared  to  say ;  probably  somewhere  near  100,000  kilowatt,  but  the 
change  indicates  at  least  a  step  in  advance. 

With  reference  to  the  request  to  the  manufacturers  that  they 
pay  special  attention  in  these  high-speed  sub-stations  to  making 
generating  machinery  noiseless,  it  may  be  interesting  to  know 
that  in  one  of  our  sub-stations,  a  60-cycle  distributing  sub-sta- 
tion, where  we  had  frequency  changers  installed,  we  have  re- 
placed the  frequency  chanjij^ers  with  transformers,  putting  their, 
on  our  60-cycle  generating  system.  In  this  particular  instance 
the  sub-station  is  in  a  very  high-class  residence  district.  The 
nearest  house  is  about  300  feet  from  the  sub-station,  and  to  keep 
the  neighbors  happy,  we  cut  out  the  noise  made  by  the  300  re\'. 
per  min.  frequency  changers. 

Mr.  Elden  has  referred  to  the  fact  that  we  are  about  to 
adopt  what  we  have  called  a  simplified  scheme  of  excitation. 
In  addition  to  having  an  exciter  on  the  shaft,  we  are  going  to 
take  what  is  perhaps  a  very  bold  step — that  of  running  the 
exciter  directly  connected  to  the  slip  rings  of  the  generator 
field,  with  no  emergency  control  whatever.  That  means  that 
while  we  are  still  to  have  all  necessary  connections  to  throw 
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^*  over,  and  can  put  these  in  if  we  find  it  absolutely  necessary, 
^*  wc  hope  they  will  not  be  needed.  The  manufacturers  are  paying 
"  special  attention  to  this  exciter,  which  is  to  be  as  rugged  and 
-  reliable  as  it  can  be  made,  and  we  think  the  experiment  will 
3:  result  satisfactorily.  If  something  happens  to  the  exciter,  the 
probability  is  that  the  unit  must  be  shut  down  anjrway,  because 
i^  part  of  the  exciter  is  right  on  the  revolving  section  of  the 
:>  machine. 

Mr.  Philip  Torchio,  New  York  City:  The  report  calls 
:  attention  to  the  efforts  the  American  Institute  of  Electrical  En- 
gineers is  making  to  revise  its  rating  of  electrical  apparatus, 
and  it  might  perhaps  be  opportune  to  make  a  statement  con- 
cerning that.  I  want  to  call  special  attention  to  the  importance 
of  the  situation,  although  it  is  one  with  which  every  user  of  elec- 
trical apparatus  is  familiar.  Within  the  next  few  months  some 
decision  is  to  be  made,  and  the  result  of  this  on  their  business 
and  the  interests  of  their  customers  should  be  known  before  this 
decision  is  announced. 

The  percentage  of  reactance  for  the  bus-bar  recommended 
in  the  report  should,  I  think,  be  revised  by  making  it  for  the 
full  capacity  of  the  switch  between  the  sections,  instead  of  for 
one-quarter  or  one-third  such  capacity.  In  such  cases,  the  recom- 
mended reactance  instead  of  being  20  to  33  per  cent,  might  be 
reduced  to  7  to  12  per  cent.  It  would  amount  to  the  same  thing, 
but  states  in  more  definite  form  what  it  should  be.  I  want  to  add 
that  the  reactance  needed  between  generating  stations  is  also 
essentially  as  much  as  between  sectional  bus  bars,  and  to  empha- 
size this  view  when  you  add  different  generating  stations  to  run 
in  parallel,  that  the  maximum  synchronizing  power  interchanged 
between  two  stations  is  obtained  with  a  ratio  of  the  reactance 
to  the  resistance  of  the  circuit  of  1:1.73. 

Reactances 

Mr.  Paul  M.  Lincoln,  Pittsburgh,  Pa.  (submitted  in  writ- 
ing) : 

Class  No.  3  refers  to  reactances  for  the  purpose  of  limiting 
currents.  This  paragraph  states  that  economy  dictates  the  use 
of  reactances  without  iron  cores  for  this  purpose.  Under  cer- 
tain conditions  it  is  quite  possible  that  iron  core  may  be  lower 
in  cost  than  air-core  reactances,  and  for  such  conditions  iron 
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tiated  from  the  air-blast  type,  and  the  writer  would  suggest  i 
change  in  the  phraseology  of  this  sentence. 

Reference  is  made  to  failures  in  transformers  and  switchts, 
due  to  the  collection  of  moisture  at  terminals,  owing:  to  tempera- 
ture variations.  The  elimination  of  this  trouble  is  entirely  a  qticv. 
tion  of  good  design  and  care  in  operation,  and  with  proper  atten- 
tion and  modem  apparatus  there  should  be  no  trouble  from  mob- 
ture  collecting  inside  of  transformers  or  switches. 

The  lack  of  a  suitable  outdoor  aluminum  cell  lightning  arrester 
is  mentioned  and  it  may  not  be  amiss  to  call  attention  to  the  fact 
that  the  aluminum  cell  lightning  arresters  used  by  the  Westing- 
house  Co.  are  designed  to  be  installed  outdoors  and  are  recom- 
mended for  such  use.  It  really  seems  unnecessary  to  develop  a 
non-freezing  electrolyte,  since,  as  is  well  known,  lig-htning  disturi>- 
ances  and  cold  weather  do  not  occur  simultaneously. 

I  wish  to  endorse  with  all  possible  emphasis  the  recoir.- 
mendation  that  all  metering  be  done  on  the  low-tension  side  of 
outdoor  transformers. 

Mr.  Eric  A.  Lof,  Schenectady,  N.  Y. :  I  would  like  to  say 
a  few  words  in  regard  to  exciter  systems.  Evidently  the  ref- 
erence in  the  report  is  to  steam  stations,  because  it  seems  to  be 
the  general  opinion  that  in  a  small  station  where  you  have  two 
or  three  units  it  does  not  work  out  so  well.  In  such  cases  it  is 
the  general  practise  to  make  the  capacity  of  the  exciters  large 
enough  to  excite  two  generators,  and  in  case  of  trouble  one 
exciter  can  be  disconnected,  and  use  can  be  made  of  that  gen- 
erator. For  a  large  station  it  is  very  general  to  use  three 
exciters,  two  for  normal  operation  and  the  third  one  for  a 
reserve.  The  latest  practise  also  is  to  let  the  exciters  be  regu- 
lated with  a  constant  voltage.  The  voltage  for  the  alteraatori: 
can  then  be  regulated  by  means  of  a  booster  and  regulator  so 
that  exciter  current  can  be  used  for  station  purposes. 

Mr.  E.  p.  Dillov.  Pittsburgh,  Pa.:  There  is  one  point  on 
the  subject  of  reactance,  as  covered  in  specification  C,  page  500. 
that,  I  think,  sliould  be  emphasized  a  little,  and  that  is  the  use  of 
reactance  on  feeders,  not  individual  feeders  only,  but  where  paral- 
lel feeders  are  used.  This  point  is  valuable  in  assistinj^c  l<>  main- 
tain full  vnllatic*  on  the  bus  bars,  so  as  to  prevent  the  droppin;^' 
oiil  of  synelininous  apparatus  on  other  feeders  until  such  time  a> 
the  circuit  breaker  is  able  to  open. 
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Under  the  subject  of  rotary  converters  on  page  t6,  the  state- 
ment is  made  with  reference  to  the  newer  machines,  that  these 
are  usually  made  of  either  the  synchronous  booster  or  split-pole 
type.  Referring  to  variable  voltage  rotary  converters  which  are 
used  at  the  present  time  to  a  very  large  extent  on  lighting  systems, 
such  machines  are  not  generally  applied  to  railway  work.  I 
simply  want  to  call  attention  to  an  apparent  misstatement  there. 

It  is  also  interesting  to  note  the  increase  in  the  sizes  of 
6o-cycle  rotary  converters  within  a  very  few  years.  Probably 
five  years  ago  there  were  very  few  looo-kw.  converters  in  serv- 
ice, in  one  instance  only,  some  2000-kw.  converters.  However, 
since  that  time  the  looo-kw.  60-cycle  rotary  converter  is  being 
very  generally  applied  to  railway  systems.  At  the  present  time 
there  are  a  number  of  2000-kw.  modern  converters  in  service, 
and  it  is  safe  to  say  that  the  end  is  not  yet.  It  is  simply  a 
question  of  the  demand  as  to  the  size  of  the  units  that  may  be 
built. 

Mr.  J.  E.  Kearns,  Schenectady,  N.  Y. :  I  am  very  much 
interested  in  the  statement  made  by  Mr.  Moultrop  regarding  the 
noisy  operation  of  electrical  machinery.  I  think  it  was  probably 
prompted  by  the  results  obtained  from  machines  that  were  not 
specially  designed  for  quiet  operation.  The  necessity  of  installing 
electrical  machines  for  quiet  operation  is  increasing  rapidly,  due, 
principally,  to  the  congested  growth  of  our  larger  cities,  neces- 
sitating the  installation  of  the  machines  in  the  basements  of 
buildings.  To  meet  these  conditions  manufacturing  companies 
are,  at  the  present  time,  building  several  units  designed  for  quiet 
operation.  It  should  be  borne  in  mind,  however,  that  machines 
to  operate  noiselessly  must  be  designed  for  very  low  speeds  and 
so  totally  enclosed  as  to  make  forced  air  ventilation  necessary, 
with  the  result  that  machines  so  designed  are  bound  to  be  quite 
expensive. 

Another  important  subject  in  this  report  that  has  not  been 
discussed  is  the  motor  converter.  I  understand  that  Mr.  Arthur 
Wright,  of  England,  is  at  the  conference,  and  may  be  in  a  posi- 
tion to  give  us  some  interesting  information. 

On  page  513  of  the  Report  there  is  a  table  outlining  a  com- 
parison of  motor  converters  with  rotaries  and  motor-generator 
sets.  By  referring  to  this  table  it  will  be  noted  that  the  efficiency 
of  the  motor  converter  is  given  as  within  one  per  cent  of  that  of 
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design  of  a  special  combined  fuse  and  disconnecting  switch,  or 
that  such  a  piece  of  apparatus  would  be  any  improvement  over 
present  practise. 

The  use  of  a  special  ammeter  for  determining  the  charging 
current  does  not  seem  to  us  at  all  necessary,  and  as  such  an 
ammeter  cannot  be  used  for  any  other  purpose,  it  would  seem  to 
be  an  added  complication  and  expense  to  the  user.     Daily  or  {^^ 
quent  use  of  the  ammeter  is  unnecessary  in   determining  the 
condition  of  the  arrester,  while  a  test  by  ammeter  two  or  thrtc 
times  a  year  can  be  made  with   comparatively    little   trouble 
by  the  use  of  any  standard  portable  or  switchboard  type  of 
meter  which  may  be  available,  by  connecting  it   in  the  circuit 
The  appearance  of  the  arc  on  the  horn  gaps  is  ordinarily  an 
ample  guide  to  the  condition  of  the  arrester.     On   the  other 
hand  an  ammeter  indication  is  not  always  accurate,  as  the  charg- 
ing current  is  affected  by  line  voltage,  frequency,   wave  fonii, 
temperature,  presence  of  harmonics,  etc. 

We  still  recommend  the  use  of  grounded  neutral  arresters 
wherever  the  neutral  is  grounded  through  a  resistance  (if  any) 
low  enough  to  insure  the  circuit  breakers  tripping  if  a  ground 
occur  on  any  phase.  When  grounded  neutral  arresters  are  used 
properly  they  afford  better  protection  than  would  ungrounded 
neutral  arresters,  owing  to  the  lesser  number  of  trays  between 
any  phase  and  ground. 

We  have  succeeded  in  eliminating  the  condition  of  fungus 
growth  from  the  electrolyte,  since  1909  in  part  of  our  electrolyte, 
and  since  1910  in  all  of  it.  This  is  due  to  the  use  of  an  inor- 
ganic electrolyte,  the  latest  form  of  which  has,  for  the  past  two 
years,  been  extremely  successful. 

On  page  529,  under  the  subject  of  Relays,  reference  is  made 
to  an  induction-type  relay,  which  is  claimed  to  be  satisfactorv* 
for  alternating-current  and  reverse  power  work,  but  the  Com- 
mittee disclaims  knowledge  of  its  actual  operation.  Lean  state 
that  we  have  approximately  250  of  these  relays  giving  satis- 
factory service  in  a  large  number  of  places. 

Mk.  A.  D.  FisiiEL.  East  Pittsburgh,  Pa.  (submitted  in  writ- 
ing) : 

In  connection  with  the  speed  of  operation  of  automatic  feeder 
regulators,  it  has  been  our  experience  that  the  apparent  advan- 
tages of  very  high  speed  in  the  regulator  mechanism  are  usually 


counteracted  by  relative  disadvantages  and  that  a  practical  com- 
promise is  usually  desirable. 

Reliability  of  operation  is  an  important  feature  of  an  auto- 
matic feeder  regulator.  This  seems  to  be  inherently  best  obtained 
with  the  induction  type  of  regulating  equipment.  With  the  use  of 
modem  auxiliary  apparatus  for  automatic  control,  the  induction 
type  lends  itself  to  speeds  of  operation  which  have  been  proved 
sufficiently  high  to  fully  take  care  of  practically  all  of  the  normal 
central-station  requirements.  With  the  present  high-grade  cen- 
tral station  practise  of  laying  out  distributing  systems,  feeders 
are  rarely  subjected  to  very  rapid  voltage  fluctuations  of  more 
than  a  few  per  cent  of  the  total,  but  the  important  sphere  of 
the  automatic  feeder  regulator  is  to  take  care  of  the  many  small 
voltage  fluctuations,  to  correct  them  quickly  and  to  maintain 
close  voltage  regulation. 

Oflfhand,  it  would  seem  that  the  higher  the  speed,  the  more 
satisfactory  the  regulation,  but  experience  has  shown  that  modify- 
ing factors  are :  ( i )  the  limitations  of  the  auxiliary  devices  neces- 
sary; (2)  the  detrimental  effect  of  too  high  a  speed  upon  the 
apparatus;  (3)  that  very  high  speeds,  with  close  voltage  settings, 
may  require  more  careful  inspection  as  well  as  a  greater  amount 
of  attention  from  capable  station  attendants. 

Developments  in  the  past  two  years  have  been  to  provide 
auxiliary  equipment  which  would  permit  very  quick  starting 
and  stopping  of  the  control  and  operating  mechanism,  so  that  full 
advantage  could  be  obtained  of  the  induction  type  of  regulator 
together  with  quick  correction  of  voltage  fluctuations.  In  one 
group  of  equipment,  the  operating  motor  of  the  induction  regu- 
lator is  brought  up  to  nomial  speed  in  less  than  three-tenths  of 
one  second  after  the  primary  relay  or  contact-making  voltmeter 
acts,  and  when  the  voltage  is  brought  to  normal  the  regulator  is 
stopped  within  one-tenth  of  one  second.  This  is  accomplished 
by  rapid  and  positive  auxiliary  relays  with  quick-acting  magnetic 
brakes  for  the  motor. 

With  such  equipment  available,  further  increase  in  the  speed 
of  operation  only  of  the  regulator  from  the  position  of  maximum 
buck  to  the  position  of  maximum  boost  will  not  result  in  an 
improvement  in  regulation  sufficient  to  warrant  the  use  of  the 
extremely  high  speeds  obtained  with  other  than  the  induction  type 
of  equipment,  with  their  resultant  greater  depreciation  and  higher 
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maintenance.    In  both  types  of  equipment,  a  fair  percentage  oi 
the  time  necessary  to  correct  the  small  voltage   fluctuations  is 
consumed  in  the  operation  of  the  primary  and  auxiliary  relays  or 
clutches,  so  that  considerable  difference  in  the  speed  of  the  rcga- 
lator  produces  only  a  small  difference  in  the  total  time  required 
to  bring  the  voltage  to  normal.     For  the  average  central-statkn 
feeder,  consisting  of  lighting  load  with  a    fair   proportion  of 
motor  load,  a  speed  of  about  sixteen  seconds  from  the  position  of 
maximum  buck  to  the  position  of  maximum  boost  has  been  found 
by  experience  and  tests  to  give  most  satisfactory  results.     Where 
fluctuations  are  more  severe  and  very  close  reg^ation  not  so 
essential,  a  speed  of  about  ten  seconds  for  the  complete  range 
has  proved  to  be  very  satisfactory. 

High-Potential  Testing  Apparatus 

The  report  on  the  high-potential  testing  apparatus  is  of 
considerable  interest  in  connection  with  the  increasing  amount 
of  high-voltage  testing  in  the  field,  as  well  as  better  standardization 
of  the  large  amount  of  high  voltage  testing  now  necessary  in  the 
factory  to  produce  transformers,  circuit-breakers,  insulators, 
bushings,  etc.,  that  will  have  proper  factors  of  safety,  and  also 
to  conform  to  definite  tests  that  may  be  specified. 

In  connection  with  alternative  No.  i  of  the  testing  outfits, 
it  frequently  happens  that  a  motor-generator  set  is  not  avail- 
able, or  its  installation  not  practicable.  It  has  been  fotmd  that 
regulating  transformers  provided  with  suitable  dials  or  drums 
equipped  with  preventive  resistances  to  prevent  the  opening  of 
the  circuit,  form  a  very  satisfactory  method  of  varying  the  test- 
ing voltage  when  it  is  obtained  from  a  constant  supply.  Another 
method,  which  overcomes,  to  a  large  extent,  the  objections  to  the 
use  of  the  induction  regulator  as  distorting  the  wave  form,  is 
to  use  a  regulating  transformer  with  a  regulating  dial  or 
drum  to  provide  a  number  of  large  steps  of  voltage  regu- 
lation and  then  have  one  small  induction  regulator  to  give  the 
smooth  voltage  regulation  between  each  step  of  the  regulating 
transformer.  With  this  method,  the  capacity  of  the  induction 
regulator  is  only  a  relatively  small  percentage  of  the  transformer 
capacity.  The  induction  regulator  is  motor  operated  and  its 
operating  switch  is  geared  to  the  regulating  drum  so  that  the 
regulator  is  automatically  transferred  from  one  step  to  another. 
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and  provides  a  smooth  voltage  variation  through  the  complete 
range  of  the  regulating  transformer. 

With  the  present  status  of  high-voltage  work,  it  is  neces- 
sary that  applied  tests  and  measurements  be  uniform  and  accu- 
rate. The  use  of  a  special  winding  in  the  testing  transformer 
in  connection  with  a  voltmeter  is  a  practical  method  of  reading 
the  high-tension  voltage,  but  is  not  very  accurate.  It  is  impossible 
to  have  all  of  the  flux  that  passes  through  the  high-tension 
winding  of  a  high-voltage  transformer  pass  through  the  volt- 
meter coil,  so  that  there  is  an  error  in  this  method  of  measurement 
of  the  high-tension  voltage,  even  when  effective  values  are  suit- 
able. Of  course,  the  maximum  value  of  the  voltage  is  the  essen- 
tial feature  in  connection  with  high-voltage  testing,  and  this 
maximum  value  changes  with  the  wave  form,  so  that  measure- 
ment of  the  effective  value  by  means  of  such  a  voltmeter  coil 
does  not  take  into  account  the  maximum  value  of  the  voltage  or 
the  high-frequency  oscillations  which  may  occur,  and  further, 
does  not  protect  the  apparatus  under  test  from  such  oscillations. 
It  is  the  maximum  voltage  which  is  concerned  in  measuring  the 
rupture  strength  of  insulating  material,  and,  therefore,  the  use 
of  a  voltmeter  coil  as  an  index  thereof,  is  not  a  very  reliable 
means  of  measurement. 

This  necessity  for  accurate  measurement  brings  us  to  the 
use  of  the  sphere  spark  gap  which  has  recently  been  thoroughly 
tested  in  service  and  well  standardized,  and  which  is  recom- 
mended in  the  Committee's  Report.  A  few  points  on  this  sphere 
gap  may  be  of  interest. 

The  breakdown  strength  of  air  is  constant  under  any  given 
set  of  terminal  conditions  and  with  constant  pressure,  tempera- 
ture and  humidity  conditions.  To  properly  apply  this  charac- 
teristic, there  must  be  available  definite  standards  which  will  con- 
sistently show  when  the  air  reaches  a  breakdown  point  and 
which  can  be  determined  by  something  positive,  such  as  a  spark 
or  a  sjiarp  cracking  noise  instead  of  by  visual  corona,  which  is 
not  quite  as  reliable.  Such  a  standard  must  have  its  intensity 
increased  progressively,  so  that  a  sharp  break  will  occur  at 
the  breakdown  point.  The  sphere  spark  gap  has  been  found  to 
conform  to  these  requirements  because  its  shape  can  be  definitely 
determined,  because  a  sphere  is  less  subject  to  change  than  any 
other  shape  and  its  characteristic  can  be  better  and  more  easily 
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specified;  The  only  irregular  feature  is  the  shank,  whose  v^-. 
and  shape  can  be  readily  specified,  and,  further,  the  sh^ck  l' 
farthest  removed  from  the  breaking  point. 

The  sphere  gap  lends  itself  to  a  suitable  mechanical  oor- 
struction  in  a  vertical  position.  In  this  construction  the  wppr 
sphere  is  stationary,  while  the  lower  sphere  is  provided  »rji 
a  micrometer  adjustment.  This  outfit  is  readily  made  pc»rtab> 
occupies  little  floor  space,  the  parts  can  easily  be  kept  in  cor- 
stant  alignment,  and  the  necessity  for  repeated  zero  adjustments  i: 
eliminated. 

With  the  sphere  spark  gap  used  in  testing,  it  is  first  set  k: 
the  testing  voltage  until  a  flash-over  is  obtained,  then  it  is  rcf^t 
for  15  or  20  per  cent  above  this.  Then,  if  oscillations  shod: 
be  set  up  in  the  high-voltage  circuit,  the  spark  gap  relieves  iht 
surges  and  opens  the  circuit  so  that  the  apparatus  is  fully  pro- 
tected. 

Calibration  curves  for  these  spark  gaps  of  the  standard  sizes, 
such  as  those  of  25,  37 J4  and  50-cm.  diameters  can  be  obtained 
by  direct  means,  show  the  maximum  value  of  the  e.m.f.  wave. 
and  are  accurate  within  two  per  cent  after  the  slight  correction? 
are  made  for  atmospheric  pressure  and  temperature  conditions, 
the  rupturing  point  of  air  varying  directly  with  the  pressure  an.l 
inversely  with  the  absolute  temperature.  For  ordinary  com- 
mercial testing  this  correction  for  pressure  and  temperature  is  ^o 
small  that  it  can  be  neglected. 

The  sphere  gap  can  be  used  with  high  accuracy  and  over 
a  great  range,  starting  with  about  30,000  volts.  The  sphere 
of  i2Vj-cm.  diameter  can  be  used  up  to  150,000  volts  effective 
value ;  25  cm.  to  275,000  volts ;  37 J4  cm.  to  412,500  volts,  and  the 
50  cm.  to  550,000  volts.  These  figures  apply  where  the  spark 
gaps  are  used  with  testing  equipments  in  which  one  side  is 
grounded,  this  having  been  found  to  be  a  very  reliable  method 
of  furnishing  high-voltage  equipment.  If  the  middle  point  of 
the  testing  outfit  is  grounded,  it  is  best  to  use  two  sphere  gaps 
or  next  best,  to  use  one  sphere  gap  between  one  high-tension 
side  and  ground,  and  then  double  this  voltage.  When  the  middle 
point  of  the  testing  transformer  is  grounded,  and  an  ungrotmded 
sphere  gap  is  used  to  measure  the  voltage  between  terminals, 
the  nieasurenieiits  are  more  subject  to  variation  due  to  the  influ- 
vnre  «»f  neij4:hl)<)riii<^  fields  or  bodies.     The  sphere  spark  gap  has 
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been  calibrated  by  an  absolute  method  and  found  to  very  uni- 
form over  a  wide  range  of  frequency.  These  gaps  have  been 
tried  in  commercial  as  well  as  laboratory  practise  for  some  time 
and  have  proved  very  satisfactory  as  absolute  measurements, 
always  giving  consistent  results,  as  well  as  providing  protection 
to  the  apparatus  under  test. 

With  regard  to  the  resistance,  we  have  found  about  one- 
half  to  one  ohm  per  volt  desirable.  Water-tube  resistances  have 
been  considered  dangerous  to  some  extent,  because  of  their 
tendency  to  explode  and  scatter  flying  particles  of  glass. 

Mr.  T.  J.  Pace,  Pittsburgh  (submitted  in  writing) : 

On  page  530,  under  Rectifiers,  the  first  two  sentences  seem 
to  confuse  mechanical  with  electrical  trouble.  Like  all  other 
economically  designed  apparatus,  rectifiers  will  give  rise  to  oper- 
ating difficulties  when  abused,  but  the  present  commercial  types 
may  be  considered  free  from  mechanical  failures,  except  under 
conditions  where  unusually  severe  circuit  disturbances  occur. 

The  present  high-tension  rectifier  bulb  will  give  a  life  in  the 
neighborhood  of  1000  hours  on  the  average,  and  on  this  basis, 
allowing  three  minutes  to  replace  a  bulb,  it  will  be  evident  that  a 
maximum  delay  for  an  entire  year,  due  to  bulb  renewal,  will  be 
quite  negligible.  Insofar  as  momentary  interruptions,  as  referred 
to  in  the  report  are  concerned,  these  would  not  prove  annoying, 
should  the  outfit  be  provided  with  the  so-called  condenser,  it  be- 
ing assumed,  of  course,  that  the  oil  around  the  bulb  is  within 
the  prescribed  temperature  limits. 

The  development  of  various  devices  to  shift  the  load  from 
one  bulb  to  another  in  case  of  failure,  as  well  as  the  attempts 
which,  it  is  reported,  are  being  made  to  operate  a  number  of 
bulbs  in  series,  should  not  be  taken  as  an  indication  that  rec- 
tifier performance  has  not  reached  a  satisfactory  commercial 
standard.  There  are  too  many  rectifiers  of  the  single-bulb  type 
carrying  50  lamps  or  less  in  satisfactory  service  to  warrant  any 
such  assumption.  It  would,  however,  have  been  very  interesting 
to  have  included  in  this  report  some  definite  data,  covering  a 
reasonably  long  operating  period,  with  reference  to  the  bulb  life 
secured  under  similar  operating  conditions  with  equipments  of 
one  and  two  bulbs,  respectively ;  also  what  eflFect  a  bulb  suddenly 
dropping  out  of  service  may  have  on  the  remaining  bulb. 
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In  connection  with  the  experiments  reported  to  be  under  wiy 
on  an  improved  method  of  cooling  the  oil  and  thereby  redudng 
the  amount  of  water  required  for  this  purpose,  it  should  be  kept 
in  mind  that,  except  in  the  case  of  unusually  large  rectifier  out- 
fits, the  use  of  water  for  cooling  purposes  is  not  an  absobite 
necessity,  as  exemplified  in  certain  available  designs. 

In  solving  the  problem  of  supplying  a  device  without  rotit- 
ing  or  vibrating  parts  for  commercially  rectifying  high-voltage 
alternating-current,  some  obstacles  of  unusual  diflSculty  hare 
been  successfully  overcome,  and  in  a  manner  which  results  in  i 
piece  of  electrical  apparatus  which  is  by  no  means  experimental 

The  comprehensiveness  of  this  report  with  particular  refer- 
ence to  the  number  of  subjects  treated  necessarily  made  it  quite 
impracticable  for  the  Committee  to  dwell  in  detail  upon  any  one 
subject.  The  Report,  as  a  whole,  evidences  considerable  study 
and  time  on  the  part  of  the  Committee,  which,  I  believe,  should 
be  congratulated  on  the  very  excellent  work  it  has  performed. 

Mr.  Charles  G.  Durfee,  Rochester,  N.  Y. :  I  would  like 
to  state  for  the  Committee  on  Meters,  that  it  has  done  some 
work  during  the  past  year  with  reference  to  a  standard  method 
of  bringing  out  the  leads  on  current  transformers  with  reference 
to  testing  meters  located  in  various  stations ;  also  with  reference  to 
getting  some  standard  method  of  making  up  connection  diagrams. 
We  find  that  manufacturers  have  various  ideas  on  the  subject  of 
connection  diagrams  and  they  do  not  agree  with  each  other,  s«j 
that  it  is  difficult  sometimes  for  the  metermen  to  read  these 
diagrams  correctly.  It  has  occurred  to  your  Committee  on  meters 
that  it  might  be  a  very  good  idea  if  this  Committee  and  the 
Meter  Committee  should  co-operate  to  the  extent  of  having 
joint  meetings  during  the  coming  year. 

The  Chairman  :  That  is  a  matter  for  discussion. 

Mr.  Elden  :  In  reply  to  the  suggestion  of  Mr.  Pace  on  the 
duration  of  interruptions  to  bulb  replacements  as  well  as  for  mo- 
mentary interruptions,  it  would  seem  that  the  interruptions  which 
are  experienced  for  the  reasons  given  are  sufficiently  serious  to  be 
considered  unsatisfactory  for  commercial  conditions  where  contin- 
uous service  is  the  ultimate  object  of  the  supply  company.  It  may 
be  stated  that  a  number  of  representative  installations  using  all  the 
commercial  forms  on  rectifying  equipment  report  many  inter- 
ruptions of  the  ^bove  character,  regardless  of  the  number  of  tubes 
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mployed  in  each  case,  and  it  would,  therefore,  appear  that  im- 
rovements  in  the  apparatus  are  desirable  to  eliminate  these 
bjectionable  features. 

Another  matter  as  to  reactances.  When  considering  bus  re- 
ctances  and  the  desirable  amount  of  reactance  which  should  be 
ncluded  in  their  design,  attention  is  directed  to  the  statement 
n  page  500  of  the  practise  of  one  manufacturing  company,  where 
k  is  recommended  that  20  to  33  per  cent  reactance  be  employed 
n  such  locations.  There  values  are  considered  to  be  excessive, 
ind,  in  fact,  prohibitive  in  some  cases,  which  fact  emphasizes 
the  importance  of  studying  each  situation  before  deciding  the 
actual  percentage  of  reactance  for  each  location. 

On  behalf  of  the  Committee,  I  wish  to  thank  the  Chairman 
and  those  who  have  taken  part  in  the  discussion,  for  the  very 
ample,  full  and  free  discussion  which  has  been  given  to  the  report. 

The  Chairman  :  The  next  Report  is  that  of  the  Joint  Com- 
mittee on  Overhead  Line  Construction.  Unfortunately,  the 
Chaimian,  Mr.  Farley  Osgood,  is  not  here,  but  Mr.  F.  B.  H. 
Paine,  of  Buffalo,  will  submit  the  report  for  him,  as  he  is  one  of 
the  members  of  the  Committee. 


REPORT  OF  THE  JOINT  COMMITTEE  ON 
OVERHEAD  LINE  CONSTRUCTION 

The  Committee  has  held  several  meetings  during  the  past 
year,  holding  its  closing  meeting  at  the  Association  Headquarten 
on  May  7  and  8,  when  all  suggested  changes  which  have  been 
brought  to  the  attention  of  the  Committee  were  discussed  in  detail 
Final  action  as  to  recommendation  for  changes  in  the  report 
resulted  in  a  number  of  changes  which  simplified  the  wording  of 
the  report  in  several  instances,  making  it  easier  of  clear  interpreta- 
tion. 

It  was  decided  to  re-write  the  report,  including  the  suggested 
changes,  and  the  following  report  has  been  prepared.  The  Com- 
mittee asks  that  the  Association  adopt  the  Specification  in  its 
present  form,  to  bring  the  National  Electric  Light  Association 
up  to  date  with  the  Committee  in  its  recommendation  of  stand- 
ards. 

To  facilitate  comparison  a  star  has  been  placed  against  any 
paragraph  which  has  had  alteration  or  addition  made  to  it. 

On  account  of  many  questions  pertaining  to  construction 
requirements  where  conflicting  lines  do  not  actually  cross  but 
are  in  close  proximity  with  each  other,  the  Committee  recom- 
mends that  the  Crossing  Specification  be  supplemented  by  other 
specifications  covering  required  construction  for  constant  poten- 
tial lines  of  over  5000  volts,  necessarily  constructed  parallel  or  in 
close  proximity  with  lines  of  telephone  or  telegraph  wires. 

It  is  the  opinion  of  the  Committee  that  the  specifications  apply- 
ing to  situations  of  this  kind  should  cover  a  grade  of  construc- 
tion for  the  power  line  not  less  in  mechanical  and  electrical 
strength  than  that  covered  in  the  crossing  specifications. 

The  Committee  feels  that  on  account  of  the  great  amount  of 
attention  given  to  this  specification  work  by  other  Associations  at 
interest,  it  is  desirable  to  broaden  the  scope  of  the  Overhead 
Line  Construction  Committee  and  to  change  the  title  to  the 
"National  Joint  Committee  on  Overhead  Line  Construction," 
thus  eliminating  any  one  Society  as  the  sponsor  for  the  Commit- 
tee, and  making  the  organization  of  the  Committee  sufficiently 
stronqf  and  of  such  general  personnel  as  to  cover  all  the  require- 
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merits  for  overhead  line  construction  work,  and  to  cover  them 
on  a  completely  mutual  basis. 

It  Js  felt  that  if  this  can  be  accomplished,  various  branches 
of  line  work  can  be  handled  by  subcommittees  of  this  general 
National  Joint  Committee,  and  that  no  conflicting  specifications 
would  be  likely  to  result  from  such  a  community  of  interest  in 
the  National  Joint  Committee. 

There  has  not  been  time  to  prepare  for  this  Convention  a 
distinct  plan  of  creation  for  this  National  Joint  Committee,  but 
your  Committee  asks  the  authority  of  the  Association  to  formu- 
late a  National  Joint  Committee  as  suggested  in  any  way  which 
may  seem  best,  which  method  shall  carry  the  approval  of  the 
Executive  Committee  of  the  National  Electric  Light  Association 
before  final  action  on  the  part  of  your  representatives  is  taken. 

We  cannot  urge  too  strongly  the  necessity  of  such  action  and 
the  great  amount  of  good  that  can  come  from  a  National  Joint 
Committee  as  described,  and  tentative  discussions  with  the  repre- 
sentatives of  our  sister  Associations  lead  us  to  state  here  that  this 
plan  will  unquestionably  receive  general  approval,  as  not  only 
feasible  but  most  desirable  of  accomplishment. 

Respectfully  submitted, 

Farley  Osgood,  Chairman 

F.  B.  H.  Paine 

Paul  Spencer 

F.  L.  Rhodes 

Percy  H.  Thomas 

Harry  M.  Hope 

R.  D.  Coombs 

Thomas  Sproule 

w.  t.  oviatt 

j.  f.  dostal 

George  H.  Lukes 

A.   S.  RiCHEY 

George  A.  Cellar 
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SPECIFICATIONS  FOR  OVERHEAD  CROSSINGS 
OF  ELECTRIC  LIGHT  AND  POWER  LINES 

GENERAL    REQUIREMENTS 

*i  Scope:  These  specifications  shall  apply  to  overhead  elec- 
tric light  and  power  line  crossings  (except  trolley  contact  wires), 
over  railroad  rights-of-way,  tracks,  or  lines  of  wires ;  and,  further 
these  specifications  shall  apply  to  overhead  electric  light  and 
power  wires  of  over  5000.  volts  constant  potential,  crossing  tele- 
phone, telegraph  or  other  similar  lines.  It  is  not  intended  that 
these  specifications  shall  apply  to  crossings  over  individual  twisted 
pair  drop  wires  or  other  circuits  of  minor  importance  where  equal- 
ly effective  protection  may  be  secured  more  economically  by  other 
methods  of  construction. 

2  Location:  The  poles,  or  towers,  supporting  the  crossing 
span  shall  preferably  be  outside  the  railroad  company's  right-of- 
way. 

*3  Unusually  long  crossing  spans  shall  be  avoided  wherever 
practicable,  and  the  difference  in  length  of  the  crossing  and 
adjoining  spans  generally  shall  be  not  more  than  50  per  cent  of 
the  length  of  the  crossing  span. 

4  The  poles,  or  towers,  shall  be  located  as  far  as  prac- 
ticable from  inflammable  material  or  structures. 

5  The  poles,  or  towers,  supporting  the  crossing  span,  and 
the  adjoining  span  on  each  side,  shall  preferably  be  in  a  straight 
line. 

6  The  wires,  or  cables,  shall  cross  over  telegraph,  tele- 
phone, and  similar  wires  wherever  practicable. 

*7  Cradles,  or  overhead  bridges,  shall  not  be  used  beneath 
the  crossing  wires  or  cables;  but  in  cases  where  the  crossing 
wires  or  cables  cross  beneath  the  railroad  wires,  telephone,  tele- 
graph or  other  similar  wires,  a  protection  of  adequate  strength  and 
proper  design  between  the  two  sets  of  crossing  wires  or  cables 
may  be  required. 

*8  Unless  physical  conditions  or  municipal  requirements 
prevent,  the  side  clearance  shall  be  not  less  than  12  ft.  from  the 
nearest  track  rail,  except  that  at  sidings  a  clearance  of  not  less 
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than  7  ft.  may  be  allowed.     At  loading  sidings  sufficient  space 
shall  be  left  for  a  driveway. 

9  The  clear  headroom  shall  be  not  less  than  30  ft.  above 
the  top  of  rail  under  the  most  unfavorable  conditions  of  tem- 
perature and  loading.  For  constant-potential,  direct-current 
circuits,  not  exceeding  750  volts,  when  paralleled  by  trolley  con- 
tact wires,  the  clear  headroom  need  not  exceed  25  ft. 

10  The  clearance  of  alternating-current  circuits  above  any 
existing  wires,  under  the  most  unfavorable  conditions  of  tem- 
perature and  loading,  shall  be  not  less  than  8  ft.  wherever  pos- 
sible. For  constant-potential,  direct-current  circuits  not  exceed- 
ing 750  volts,  the  minimum  clearance  above  telegraph,  telephone 
and  similar  wires  may  be  2  ft.  with  insulated  wires  and  4  ft. 
w  ith  bare  wires. 

*ii  The  separation  of  conductors  carrying  alternating-cur- 
rent, supported  by  pin  insulators,  for  spans  not  exceeding  150 
ft.,  shall  be  not  less  than: 

Line  Vohage  Separation 

Not  exceeding  7,000  volts 12  inches 

Exceeding    7,000  but  not  exceeding  14,000  20  " 

14,000  **      "  "           27,000  30  " 

27,000  "      "  "           35,000  36  " 

35,000  "      "  "           47,000  45  " 

47,000  "      "  "          70,000  60  " 

Note:  This  requirement  does  not  apply  to  wires  of  the  same  phase 
or  polarity  between  which  there  is  no  difference  of  potential. 

With  constant-potential,  direct-current  circuits  not  ex- 
ceeding 750  volts,  the  minimum  spacing  shall  be  10  in. 

For  spans  exceeding  150  ft.  the  pin  spacing  should  be  in- 
creased, depending  upon  the  length  of  the  span  and  the  sag  of 
the  conductors. 

*I2  When  supported  by  insulators  of  the  disc  or  suspen- 
sion type,  the  crossing  span  and  the  next  adjoining  spans  shall 
either  be  dead-ended  at  the  poles  or  towers  supporting  the  cross- 
ing span,  so  that  at  these  poles  or  towers  the  insulators  shall  be 
used  as  strain  insulators;  or  the  height  of  the  wire  attachments 
shall  be  such  that  with  the  maximum  sag  in  the  crossing  span 
occurring  from  failure  of  the  construction  outside  the  crossing 
span,  and  taking  into  account  the  deflections  in  the  strings  of 
suspension  insulators,  the  minimum  clearances,  as  given  in  Para- 
graphs Nos.  9  and  10,  shall  be  maintained. 
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*I3  The  clearance  in  any  direction  between  the  conductors 
nearest  the  pole  or  tower,  and  the  pole  or  tower,  shall  be  d« 
less  than: 

Line  Voluge  Clcaraoca 

Not  exceeding  10,000  volts 9  inches 

Exceeding  10,000  but  not  exceeding  14,000 12 

14,000    **      "  "  27,000 15 

27,000    "      "  "  35,000 18 

35,000    **      "  "         47,000 21 

47,000    **      "  "         70,000... 24 

*I4  Conductors:  The  normal  mechanical  tension  in  the 
conductors  generally  shall  be  the  same  in  the  crossing  span  and 
in  the  adjoining  span  on  each  side. 

*I5  The  conductors  shall  not  be  spliced  in  the  crossing 
span  nor  in  the  adjoining  span  on  either  side. 

Taps  to  conductors  in  the  crossing  span  are  generally  objec- 
tionable, and  should  not  be  made  unless  necessary. 

*i6  The  ties  or  devices  for  supporting  the  conductors  at 
the  poles  or  towers,  shall  be  such  as  to  hold  the  wires,  under 
maximum  loading,  to  the  supporting  structures,  in  case  of  shat- 
tered insulators,  or  wires  broken  or  burned  at  an  insulator,  with- 
out allowing  an  amount  of  slip  which  would  materially  reduce 
the  clearances  specified  in  Paragraphs  Nos.  9  and   10. 

*I7  Ground  wires  when  installed  as  protection  against  light- 
ning, shall  be  thoroughly  grounded  at  each  of  the  crossing 
supports.  In  case  of  their  installation  on  steel  supporting  struc- 
tures, they  may  be  clamped  thereto.  In  case  they  are  installed 
on  wooden  structures,  the  ground  wire  shall  be  grounded  at 
each  of  the  structures  with  a  solid  copper  wire,  with  as  few 
bends  as  possible  and  no  sharp  bends,  and  not  less  than  No.  4 
B.  &  S.  gauge  or  equivalent  copper  section.  The  ground  wire 
itself  in  the  crossing  span  and  the  adjacent  spans,  may  be  of  the 
same  material  as  the  conductors,  or  a  steel  strand  not  less  than 
S/i6-in.  in  diameter  may  be  used,  double  galvanized,  and  having 
a  breaking  strength  of  not  less  than  4500  lb.  and  in  general 
shall  follow  the  minimum  factors  of  safety,  as  provided  for  the 
rest  of  the  crossing  construction. 

If  cross-arms  are  grounded,  the  same  ground  wire  may  be 
used  for  grounding  the  lightning  protection  wire  as  in  ground- 
ing cross-arm  strips. 
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*i8  Where  there  is  an  upward  stress  at  the  point  of  con- 
ductor attachment,  the  attachment  shall  be  of  such  type  as  to 
properly  hold  the  conductor  in  place. 

*I9  Guys:  Wooden  poles  supporting  the  crossing  span  shall 
be  side-guyed  in  both  directions,  if  practicable,  and  be  head- 
guyed  away  from  the  crossing  span,  and  the  next  adjoining 
poles  shall  be  head-guyed  toward  the  crossing  span.  Braces 
may  be  used  instead  of  guys. 

*20  Strain  insulators  shall  be  used  in  guys  from  wooden 
poles,  except  when  the  guys  are  through  grounded  to  perma- 
nently damp  earth. 

The  insulators  shall  be  placed  not  less  than  8  ft.  from  the 
ground.  Strain  insulators  shall  not  be  used  in  guying  steel 
poles  or  structures. 

21  Clearing:  The  space  around  the  poles  or  towers  shall 
be  kept  free  from  inflammable  material,  underbrush  and  grass. 

22  Signs:  In  the  case  of  railroad  crossings,  if  required  by 
the  railroad  company,  warning  signs  of  an  approved  design 
shall  be  placed  on  all  poles  and  towers  located  on  the  railroad 
company's  right-of-way. 

23.  Grounding:  For  voltages  over  5000  volts,  wooden 
cross-arms,  if  used,  shall  be  provided  with  a  grounded  metallic 
plate  on  top  of  the  arm,  which  shall  be  not  less  than  j/s  i».  in 
thickness  and  which  shall  have  a  sectional  area  and  conductivity 
not  less  than  that  of  the  line  conductor.  Metal  pins  shall  be  elec- 
trically connected  to  this  ground.  Metal  poles  and  metal  arms 
on  wooden  poles  shall  be  grounded. 

*24  The  electrical  conductivity  of  the  ground  conductor 
shall  be  adjusted  to  the  short-circuit  current  capacity  of  tlie 
system  at  the  crossing  and  shall  be  not  less  than  that  of  No. 
4  B.  &  S.  gauge  copper  wire. 

25  Temperature:  In  the  computation  of  stresses  and  clear- 
ances, and  in  erection,  provision  shall  be  made  for  a  variation 
in  temperature  from  minus  20  deg.  fahr.  to  plus  120  deg.  fahr. 
A  suitable  modification  in  the  temperature  requirements  shall  be 
made  for  regions  in  which  the  above  limits  would  not  fairly 
represent  the  extreme  range  of  temperature. 

26  Inspection:  If  required  by  contract,  all  material  and 
workmanship  shall  be  subject  to  the  inspection  of  the  company 
crossed ;  provided  that  reasonable  notice  of  the  intention  to  make 
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shop  inspection  shall  be  given  such  company.  Defective  IDat^ 
rial  shall  be  rejected  and  shall  be  removed  and  replaced  witk 
suitable  material. 

2,y  On  the  completion  of  the  work,  all  false  work,  plant  and 
rubbish,  incident  to  the  construction,  shall  be  removed  promptly 
and  the  site  left  unobstructed  and  clean. 

28  Drawings:  If  required  by  contract  (....)  complete  sets 
of  general  and  detail  drawings  shall  be  furnished  for  approval, 
before  any  construction  is  commenced. 


LOADS 

29  The  conductors  shall  be  considered  as  uniformly  loaded 
throughout  their  length,  with  a  load  equal  to  the  resultant  of  the 
dead  load  plus  the  weight  of  a  layer  of  ice  yi  in.  in  thickness, 
and  a  wind  pressure  of  8  lb.  per  sq.  ft.  in  the  ice-covered  diam- 
eter, at  a  temperature  of  o  deg.  fahr. 

30  The  weight  of  ice  shall  be  assumed  as  57  lb.  per  cu-ft 
(.0033  lb.  per  cu-in.). 

'*'3i  Insulators,  pins  and  conductor  attachments  shall  be 
designed  to  withstand  the  mechanical  tension  in  the  conductors 
under  the  maximum  loading  with  the  designed  factor  of  safety. 

'*'32  Sags  should  be  such  that  the  stress  on  the  pin  falls 
within  the  limits  of  paragraph  No.  31,  unless  methods  be  em- 
ployed to  prevent  an  undue  slip  in  case  of  pin  failure.  (  See  para- 
graphs Nos.  9,  10  and  16.) 

33  The  pole  or  towers  shall  be  designed  to  w^ithstand,  witii 
the  designed  factor  of  safety,  the  combined  stresses  from  their 
own  weight,  the  wind  pressure  on  the  pole  or  tower,  and  tfic 
above  wire  loading  on  the  crossing  span  and  the  next  adjoining 
span  on  each  side.  The  wind  pressure  on  the  poles  or  towers 
shall  be  assumed  at  13  lb.  per  sq.  ft.  on  the  projected  area  of 
solid  or  closed  structures,  and  on  ij^  times  the  projected  area 
of  latticed  structures. 

34  The  poles  or  towers  shall  also  be  designed  to  withstand 
the  loads  specified  in  Paragraph  No.  33,  combined  with  the  un- 
balanced tension  of: 

2  broken  wires  for  poles,  or  towers,  carrying    5  wires  or  less 

3  0  to  ID  Wires 

4  II  or  more  wires 
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35  Cross-arms  shall  be  designed  to  withstand  the  loading 
specified  in  paragraph  No.  33,  combined  with  the  unbalanced 
tension  of  one  wire  broken  at  the  pin  farthest  from  the  pole. 

36  The  poles  or  towers  may  be  permitted  a  reasonable 
deflection  under  the  specified  loading,  provided  that  such  deflec- 
tion does  not  reduce  the  clearances  specified  in  paragraph  No.  10 
more  than  25  per  cent  or  produce  stresses  in  excess  of  those 
specified  in  paragraphs  Nos.  69  to  73. 

FACTORS  OF  SAFETY 

37  The  ultimate  unit  stress  divided  by  the  allowable  unit 
stress  shall  be  not  less  than  the  following: 

Wire  and  cables    2 

Pins 2 

Insulators,  conductor  attachments,  guys 3 

Wooden  poles  and  crossarms 6 

Structural  steel 3 

Reinforced  concrete  poles  and  crossarms 4 

Foundations  2 

Note:  The  use  of  treated  wooden  poles  and  crossarms  is  recom- 
mended. The  treatment  of  wooden  poles  and  crossarms  should  be  by 
thorough  impregnation  with  preservative  by  either  closed  or  open-tank 
process.  For  poles,  except  in  the  case  of  yellow  pine,  the  treatment  need 
not  extend  higher  than  a  point  two  feet  above  the  ground  line. 

38  Insulators:  Insulators  for  line  voltages  of  less  than  9000 
shall  not  flash  over  at  four  times  the  normal  working  voltage, 
under  a  precipitation  of  water  of  i/5th  of  an  inch  per  minute,  at 
an  inclination  of  45  deg.  to  the  axis  of  the  insulator. 

39  Each  separate  part  of  a  built-up  insulator,  for  line  volt- 
ages over  9000,  shall  be  subjected  to  the  dry  flash-over  test  of 
that  part  for  five  consecutive  minutes. 

40  Each  assembled  and  cemented  insulator  shall  be  sub- 
jected to  its  dry  flash-over  test  for  five  consecutive  minutes. 

The  dry  flash-over  test  shall  be  not  less  than : 

Line  Vollaife  Test  Voltage 

Exceeding    9,000  but  not  exceeding  14,000  65,000 

**  14,000    "      "  "  27,000   100,000 

"  27,000    "      "  "  35,000  125,000 

35,000    "      "  "         47,000  150,000 

"  47,000    "      "  "  60,000  180,000 

"  60,000  3  times  line  voltage 

Kach  insulator  shall  further  be  so  designed  that,  with  excessive  poten- 
tial, failure  will  first  occur  by  flash-over  and  not  by  puncture. 

41  Each  assembled  insulator  shall  be  subjected  to  a  wet 
(l^sh-over  test,  under  a  precipitation  of  w^ter  of  i/Jth  of  s^n 
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inch  per  minute,  at  an  inclination  of  45  deg.  to  the  axis  of  fc 
insulator. 

The  wet  flash-over  test  shall  be  not  less  than : 

Line  Vollasre  Te»i  Vohoft 

Exceeding    9,000  but  not  excecdinjj  14,000   APfiOO 

14,000    "      "  "  27,000 6cM)oo 

27,000    "      "  "  35.000 80^ 

35,000    "      "  "         47,000 loo/no 

47,000    "      "  "         60,000 120/J00 

"  60,000 twice  line  vohags 

42  Test  voltages  above  35,000  volts  shall  be  determined  by 
the  A.  I.  E.  E.  Standard  Spark-Gap  Method. 

43  Test  voltages  below  35,000  volts  shall  be  determined  by 
transformer  ratio. 

MATERIAL 

44  Conductors:  The  conductors  shall  be  of  copper,  alt- 
minum,  or  other  non-corrodible  material,  except  that  in  unusually 
long  spans,  where  the  required  mechanical  strength  cannot  be 
obtained  with  the  above  materials,  galvanized  or  copper-coverec 
steel  strand  may  be  used. 

45  For  voltages  not  exceeding  750  volts,  solid  or  stranded 
conductors  may  be  used  up  to  and  including  No.  4/0  in.  size ;  above 
No.  4/0  in  size  stranded  conductors  shall  be  used.  For  voltage? 
exceeding  750  volts,  and  not  exceeding  5000  volts,  solid  or 
stranded  conductors  may  be  used  up  to  and  including  No.  2  0 
in  size ;  above  No.  2/0  in  size  conductors  shall  be  stranded.  For 
voltages  exceeding  5000  volts,  all  conductors  shall  be  stranded. 
Aluminum  conductors  for  all  voltages  and  sizes  shall  be  stranded. 

The  minimum  size  of  conductors  shall  be  as  follows: 

No.  6  B.  &  S.  gauge  copper  for  voltages  not  exceeding  5000  volts 
No.  4        "  "  "  "  "         exceeding  5000  volts 

No.  I        "  "      aluminum  for  all  voltages 

46  Insulators :  Insulators  shall  be  of  porcelain  for  voltages 
exceeding  5000  volts. 

*47  For  pin-type  insulators,  there  shall  be  a  bearing  con- 
tact between  the  pin  and  the  insulator  pin-hole  iip  to  the  level  of 
the  top  of  the  tie-wire  groove,  the  purpose  being  that  the  pin 
should  directly  take  the  strain  imposed  upon  the  insulator. 

*48  Strain  insulators  for  guys  shall  have  an  ultimate 
streiii^tli  of  not  less  thnn  twice  that  of  the  guy  in  w^hich  placed. 
Strain    insulators   shall   be   so  constructed   that    the    gny   wire* 
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holding  the  insulator  in  position  will  interlock  in  case  of  the 
failure  of  the  insulator. 

For  less  than  5000  volts,  strain  insulators  for  guys  shall  not 
flash  over  at  four  times  the  maximum  line  voltage  under  a  pre- 
cipitation of  water  of  i/5th  of  an  inch  per  minute,  at  an  inclina- 
tion of  45  deg.  to  the  axis  of  the  insulator.  For  voltages  of 
more  than  5000  volts,  the  strain  insulator  or  series  of  strain  insu- 
lators shall  not  fail  at  the  line  voltage  under  the  above  precipita- 
tion conditions. 

*49  Pins:  For  voltages  of  5000  and  over,  insulator  pins 
shall  be  of  steel,  wrought  iron,  malleable  iron,  or  other  approved 
metal  or  alloy,  and  shall  be  galvanized  or  otherwise  protected 
from  corrosion.     (See  paragraph  No.  47.) 

*5o     Guys:     Guys  shall  be  galvanized  or  copper-covered 
stranded  steel  cable  not  less  than  5/1 6th  of  an  inch  in  diameter,  or . 
galvanized  rolled  rods,  neither  to  have  an  ultimate  tensile  strength 
of  less  than  4500  lbs. 

51  Guys  to  the  ground  shall  connect  to  a  galvanized  anchor 
rod,  extending  at  least  one  foot  above  the  ground  level. 

52  The  detail  of  the  anchorage  shall  be  definitely  shown 
upon  the  plans. 

*53  Wooden  Poles:  Wooden  poles  shall  be  of  selected 
timber,  reasonably  straight,  peeled,  free  from  defects  which  would 
decrease  their  strength  or  durability,  not  less  than  8  in.  in 
diameter  at  the  top,  and  meeting  the  requirements  as  specified  in 
paragraphs  Nos.  19,  33,  34  and  37. 

*54  Concrete:  All  concrete  and  concrete  material  shall  he 
in  accordance  with  the  requirements  of  the  Report  of  the  Joint 
Committee  on  Concrete  and  Reinforced  Concrete.  This  mav  be 
found  on  Page  117,  Vol.  39 — No.  2,  of  the  February,  1913,  Pro- 
ceedings of  the  American  Society  of  Civil  Engineers. 

STRUCTURAL  STEEL 

55  Structural  steel  shall  be  in  accordance  with  the  Manu- 
facturers' Standard  Specifications. 

56  The  design  and  workmanship  shall  be  strictly  in  accord- 
ance with  first-class  practise. 

57  The  form  of  the  frame  shall  be  such  that  the  stresses 
may  be  computed  with  reasonable  accuracy,  or  the  strength  shall 
he  determined  by  actual  test. 
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58  The  sections  used  shall  permit  inspection,  cleaning  and 
painting,  and  shall  be  free  from  pockets  in  which  water  or  dirt 
can  collect. 

59  The  length  of  a  main  compression  member  shall  not 
exceed  180  times  its  least  radius  of  gyration.  The  length  of  a  sec- 
ondary compression  member  shall  not  exceed  220  times  its  least 
radius  of  gyration. 

60  The  minimum  thickness  of  metal  in  galvanized  st^]^ 
tures  shall  be  %  of  an  inch  for  main  members  and  ^  of  an  .| 
inch  for  secondary  members.     The  minimum  thickness  of  painted 
material  shall  be  %  of  an  inch. 

PROTECTIVE   COATINGS 

61  All  structural  steel  shall  be  thoroughly  cleaned  at  the 
shop  and  be  galvanized,  or  given  one  coat  of  approved  paint 

62  Painted  Material:  All  contact  surfaces  shall  be  given  one 
coat  of  paint  before  assembling. 

All  painted  structural  steel  shall  be  given  two  field  coats  of 
an  approved  paint. 

The  surface  of  the  metal  shall  be  thoroughly  cleaned  of 
all  dirt,  grease,  scale,  etc.,  before  painting,  and  no  painting  shaO 
be  done  in  freezing  or  rainy  weather. 

♦63  Galvanized  Material:  Galvanized  material  shall  be  in 
accordance  with  the  Specifications  for  Galvanizing  Iron  and  Steel 
(Appendix). 

Bolt  holes  in  galvanized  material  shall  be  made  before  gal- 
vanizing.   Sherradizing  for  small  parts  is  permissible. 

FOUNDATIONS 

*64  The  foundations  for  steel  poles  and  towers  shall  be 
designed  to  prevent  overturning. 

The  weight  of  concrete  shall  be  assumed  as  140  lb.  per 
cu-ft.  In  good  ground,  the  weight  of  "earth"  (calculated  at  30 
deg.  from  the  vertical)  shall  be  assumed  as  100  lb.  per  cu-ft 
In  swampy  ground  special  measures  shall  be  taken  to  prevent 
uplift  or  depression. 

Concrete  for  foundations  shall  be  well  worked,  very  wet, 
and  shall  not  be  leaner  than  one  part  of  Portland  cement,  three 
parts  clean  sharp  sand,  and  six  parts  of  broken  stone,  or  one 
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part   Portland  cement  to  six  parts  of  good  gravel,  free  from 
loam  or  clay. 

*65  The  top  of  the  concrete  foundation  or  casing,  shall  be 
not  less  than  6  in.  above  the  surface  of  the  ground,  nor  less 
than  I  ft.  above  high  water,  except  that  no  foundation  need  be 
higher  than  the  base  of  the  railroad  company's  rail,  or  the  top 
of  the  traveled  roadway. 

66  When  located  in  swampy  ground,  wooden  crossing  and 
next  adjoining  poles  shall  be  set  in  barrels  of  broken  stone  or 
gravel,  or  in  broken  stone  or  timber  footings. 

67  When  located  in  the  sides  of  banks,  or  when  subject  to 
washouts,  foundations  shall  be  given  additional  depth,  or  be  pro- 
tected by  cribbing  or  riprap. 

*68  All  foundations  and  pole  settings  shall  be  tamped  in 
6-in.  layers,  while  back  filling.  It  is  desirable  in  back  filling  that 
the  earth  be  suitably  moistened. 

WORKING   UNIT  STRESSES 

Obtained  by  dividing  the  ultimate  breaking  strength  by  the 
factors  of  safety  given  in  paragraph  No.  34. 

69    Structural  Steel: 


Tension  (net  section)   18,000  lb.  per  sq.  in. 

Shear 14,000 
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Compression 18,000-60  j^'-" 

70    Rivets,  Pins: 

Shear  10,000         lb.  per  sq.  in. 

Bearing  20,000 

Bending 20,000 
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71    Bolts: 

Shear  8,500  lb.  per  sq.  in. 

Bearing  17,000 

Bending 17,000 
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72     Wires  and  Cables: 

Copper,  hard-drawn,  solid,  B.  &  S.  gauge,  4/0,  3/0,  2/0 — 25,000  lb.  per  sq.  in 

"      i/o   27,500  "  "  "  " 

"      No.  I 28,500  "  "  "  " 

"  No.  2,4,6..  30,000  "  "  "  " 

soft-drawn        "  "  "       17,000  "  "  "  " 

hard-drawn,  stranded    "  "       30,000  "  "  "  " 

soft-drawn,        "  "  "       17,000  "  "  "  " 

Aluminum,  hard-dr'n  "           "           "  under  4/0  ..  12,000 


4/0  and  over    11,500 
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*73     Untreated  Timber: 


Eastern  white  cedar 


BendioK 

600  lb.  per  sq. 


Chestnut   850 

Washington  cedar  850 

Idaho  cedar  850 

Port  Orford  cedar 1,150 

Long-leaf  yellow  pine 1,000 

Short-leaf  yellow  pine 800 

Douglas  fir   900 

White  oak  950 

Red  cedar 700 

Bald  cypress    (heartwood) 800 

Redwood  650 

Catalpa   500 

Juniper    550 

L  =r  Length  in  inches. 

D  =  I^ast  side,  or  diameter,  in  inches. 
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APPENDICES 


A — Wind  and  ice  loads. 


n — Tables  and  curves  of  conductor  sags. 

C — Si)ecification  for  galvanizing  for  iron  and  steel 

D — Pole  formulae. 

K — Drawings  of  typical  crossings. 

F — Calculations  of  typical  crossings. 
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APPENDIX  B 

Sags 

In  the  following  tables  and  curves  arc  ^iven  sags  at  whia 
conductors  shall  be  strung  in  order  that,  when  loaded  with  tt 
specified  requirement  of  one-half  inch  of  ice  and  a  wind  lot: 
of  8.0  pounds  per  square  foot  of  projected  area  at  o  degrtts 
fahrenheit,  the  tension  in  the  conductor  will  not  exceed  tri 
allowable  value  of  one-half  the  ultimate  strength  of  the  conduaar 
as  given  in  section  above.  The  sags  given  in  the  tables  for  12c 
degrees  fahrenheit  are  greater  in  every  case  than  the  vertical 
opponent  of  the  sags  at  o  degrees  fahrenheit  under  the  maximum 
wind  and  ice  load. 

The  moduli  of  elasticity  and  coefficients  of  expansion  use! 
are  given  in  Appendix  A,  viz. : 

Modulus  of  Elasticity 

Copper,  hard-drawn,  solid  or  stranded 16,000,000 

Copper,  soft-drawn,  solid  12,000,000 

Aluminum,  hard-drawn  9,000,000 

TKNIPERATrRK   (.  OKKFICIENT. 
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APPENDIX  C 

SPECIFICATION  FOR  GALVANIZING  FOR  IRON  OR 

STEEL 

These  specifications  give  in  detail  the  test  to  be  appHed  to 
galvanized  material.  All  specimens  shall  be  capable  of  with- 
standing these  tests. 

A.  Coating.  The  galvanizing  shall  consist  of  a  continuous 
coating  of  pure  zinc  of  uniform  thickness,  and  so  applied  that 
it  adheres  firmly  to  the  surface  of  the  iron  or  steel.  The  finished 
product  shall  be  smooth. 

B.  Cleaning.  The  samples  shall  be  cleaned  before  test- 
ing, first  with  carbona,  benzine  or  turpentine,  and  cotton  waste 
(not  with  a  brush),  and  then  thoroughly  rinsed  in  clean  water 
and  wiped  dry  with  clean  cotton  waste. 

The  sample  shall  be  clean  and  dry  before  each  immersion  in 
the  solution. 

C.  Solution.  The  standard  solution  of  copper  sulphate 
shall  consist  of  commercial  copper  sulphate  crystals  dissolved  in 
cold  water,  about  in  the  proportion  of  36  parts,  by  weight,  of 
crystals  to  100  parts,  by  weight,  of  water.  The  solution  shall  be 
neutralized  by  the  addition  of  an  excess  of  chemically  pure 
cupric  oxide  (Cu  O).  The  presence  of  an  excess  of  cupric  oxide 
will  be  shown  by  the  sediment  of  this  reagent  of  the  bottom  of 
the  containing  vessel. 

The  neutralized  solution  shall  be  filtered  before  using  by 
passing  through  filter  paper.  The  filtered  solution  shall  have  a 
specific  gravity  of  1.186  at  65  deg.  fahr.  (reading  the  scale  at 
the  level  of  the  solution)  at  the  beginning  of  each  test.  In 
case  the  filtered  solution  is  high  in  specific  gravity,  clean  water 
shall  be  added  to  reduce  the  specific  gravity  at  1.186  at  65  deg. 
fahr.  In  case  the  filtered  solution  is  low  in  specific  gravity,  filtered 
solution  of  a  higher  specific  gravity  shall  be  added  to  make  the 
specific  gravity  1.186  at  65  deg.  fahr. 

As  soon  as  the  stronger  solution  is  taken  from  the  vessel 
containing  the  unfiltered  neutralized  stock  solution,  additional 
crystals  and  water  must  be  added  to  the  stock  solution.  An 
excess  of  cupric  oxide  shall  always  be  kept  in  the  unfiltered  stock 
solution. 
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D.  Quantity  of  Solution.  Wire  samples  shall  be  tested 
in  a  glass  jar  of  at  least  two  (2)  inches  inside  diameter.  The  jai 
without  the  wire  samples  shall  be  filled  with  standard  solution 
to  a  depth  of  at  least  four  (4)  inches.  Hardware  samples  shall 
be  tested  in  a  glass  or  earthenware  jar  containing  at  least  one-halt 
(^)  pint  of  standard  solution  for  each  hardware  sample. 

Solution  shall  not  be  used  for  more  than  one  series  of  four 
immersions. 

E.  Samples.  Not  more  than  seven  wires  shall  be  simul- 
taneously immersed,  and  not  more  than  one  sample  of  galvan- 
ized material  other  than  wire  shall  be  immersed  in  the  specified 
quantity  of  solution. 

The  samples  shall  not  be  grouped  or  twisted  together,  but 
shall  be  well  separated  so  as  to  permit  the  action  of  the  solution 
to  be  uniform  upon  all  immersed  portions  of  the  samples. 

F.  Test.  Clean  and  dry  samples  shall  be  immersed  in  the 
required  quantity  of  standard  solution  in  accordance  with  the 
following  cycle  of  immersions. 

The  temperature  of  the  solution  shall  be  maintained  between 
62  deg.  and  68  deg.  fahr.  at  all  times  during  the  following  test. 

First.     Immerse  for  one  minute,  wash  and  wipe  dry. 

Second.     Immerse  for  one  minute,  wash  and  wipe  dry. 

Third.     Immerse  for  one  minute,  wash  and  wipe  dry. 

Fourth.     Immerse  for  one  minute,  wash  and  wipe  dry. 

After  each  immersion  the  samples  shall  be  immediately 
washed  in  clean  water  having  a  temperature  between  62  deg.  and 
68  deg.  fahr.,  and  wiped  dry  with  cotton  waste. 

In  the  case  of  No.  14  galvanized  iron  or  steel  wire,  the  time 
of  the  fourth  immersion  shall  be  reduced  to  one-half  minute. 

G.  Rejection.  If  after  the  test  described  in  Section  F 
there  should  be  a  bright  metallic  copper  deposit  upon  the  samples, 
the  lot  represented  by  the  sample  shall  be  rejected. 

Copper  deposits  on  zinc  or  within  one  inch  of  the  cut  end 
shall  not  be  considered  causes  for  rejection. 

In  the  case  of  a  failure  of  only  one  wire  in  a  group  of  seven 
wires  immersed  together,  or  if  there  is  a  reasonable  doubt  as  to 
the  copper  deposit,  two  check  tests  shall  be  made  on  these  seven 
wires  and  the  lot  reported  in  accordance  with  the  majority  of  the 
sets  of  tests. 
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Note 

The  equipment  necessary  for  the  tests  herein  outlined  is  as 
follows : 

Filter  paper. 

Commercial  copper  sulphate  crystals. 

Chemically  pure  cupric  oxide  (Cu  O). 

Running  water. 

Warm  water  or  ice  as  per  needs. 

Carbona,  benzine  or  turpentine. 

Glass  jars  at  least  two  inches  inside  diameter  by  at  least 
four  and  one-half  inches  high. 

Glass  or  earthenware  jars  for  hardware  samples. 

Vessel  for  washing  samples. 

Tray  for  holding  jars  of  stock  solution. 

Jars,  bottles  and  porcelain  basket  for  stock  solution. 

Cotton  waste. 

Hydrometer  cylinder  3  in.  diameter  by  15  in.  high. 

Thermometer  with  large  fahrenheit  scale  correct  at  62  and 
68  deg. 

Hydrometer  correct  at  1.186  at  65  deg.  fahr. 
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APPENDIX  D 

POLE  FORMULAE 

A  pole  is  essentially  a  beam  fixed  at  one  end.    The  onlinar)- 
beam  formulae  apply. 

The  strength  of  a  pole  is  given  by  the  formula 

y 

when  M  =  moment  of  the  forces  about  the  ground  line  (or  otlw 
point  of  which  the  strength  is  being  -considered) 

f  =  maximum  fiber  stress. 

I  =  moment  of  inertia  of  section  of  pole. 

y  =  distance  from  center  to  most  strained  fiber. 
For  a  pole  of  circular  cross  section 

..        f  ^  D»  ft.  lbs. 
M  =  — 

384 
where  D=  the  diameter  of  the  pole  m  inches  and  the  momejii 
arms  of  the  forces  are  expressed  in  feet. 

f  is  the  maximum  ultimate  fiber  stress  or  the  allowable 
working  fiber  stress  in  pounds  per  square  inch  according  as  the 
ultimate  strength  or  safe  working  strength  of  the  pole  is  desird 

Forces  Acting  on  a  Pole  Transversely: 
Wind  pressure  on  pole. 

**    conductors. 
The  approximate  moment  at  the  ground  due  to  wind  pressure  on 
the  pole  would  be 

^     _  P    H«    (D  +  2D,)     ft.    lbs. 
p  ""  72 

P=  wind  pressure  in  pounds  per  square  foot  of  projected 
area  of  pole. 

H  =  height  of  pole  in  feet. 
Di  =  diameter  of  pole  at  ground  in  inches. 
D,  =        "  "      "     "  top  in  inches. 

The  moment  at  the  ground  due  to  wind  pressure  on  the  wires 
would  be 

I^c  ^  P,  L  n  d  (S,   +  S,)  ft.  lb 

24 
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P,  =  wind  pressure  in  pounds  per  square  foot  of  projected 
area  of  wires. 

L=  Height  of  wires  above  ground  in  feet. 

n  =  number  of  wires. 

d  =  diameter  of  conductor  loaded  with  ice,  in  inches. 

Sj  and  Sa  =  lengths  of  adjacent  spatis  in  feet. 

The  total  moment  is  the  sum  of  Mp,  Mc^,  Mcj,  etc. 

Example*.    Poles. 

Length  of  pole  40'. 
Height  of  pole  above  ground  34'. 
Length  of  adjacent  spans  100'  and  120'. 
Timber — Eastern  white  cedar. 
Wires  : 

One  No.  o  wire  on  top  of  pple. 

Two  No.  o  wires  on  crossarm  3'  below  top. 

To  find  dimensions  of  cedar  pole  to  give  factor  of  safety  of 

6  with  a  wind  pressure  of  8  pounds  per  square  foot  projected 

area  on  wires  covered  with  one-half  inch  of  ice  and  13  pounds 

per  square  foot  projected  area  on  poles. 

Wind  pressure  on  upper  wire 
Diameter  of  No.  o  wire  =  .37". 

"         "     "    "     "     covered  with  J4"  ice  =  1.37'' 

P,  L  n  d  (S,   +  S.)  ft.  lbs. 
Mc,   =  -^ 

Mc,   =  B  X    34  X    I    X    1.37    (100  +  120)  ^  ^^    j^^ 

Wind  pressure  on  2  lower  wires 
Mc.   =  8  X    31     X    2   X    1-37  (100  +   .20)   ^  jj  ,^3 

*  24 

Wind  pressure  on  pole 

assuming  diameters  at  butt  and  top  to  be  17"  and  8" 

^     ^  P  H«  (D,   +  2Dg)  ft.  lbs. 
P  72 

Mp    =    13   X    34*    X    33    ^  6  8yj  f^   ,bs. 
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(If  the  result  gives  dimensions  of  poles  much  different  iron 
the  vahies  assumed,  a  second  approximation  should  be  made.) 
Total  moment  =  16,525  ft.  lbs. 

384 

For  eastern  white  cedar  f  =  600  lbs.  per  sq.  iii. 

600  X  D* 

491  DJ  =  16,525 

D?  =  3,370  D  =  15' 
Circumference  at  ground  line  =  47.2''. 
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APPENDIX  E 
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COMMITTEE  ON  OVERHEAD  LINE  CONSTRUCTION 
NATIONAL  ELECTRIC  LIGHT  ASSOCIATION 

Farley  Osgood,  Chairman,  General  Superintendent,  Public  Service  Electric 
Co.,  Newark,  N.  J. 

F.  B.  H.  Paine,  General  Manager,  Niagara,  Lockport  &  Ontario  Power 
Co.,  Buffalo,  N.  Y. 

Paul  Spencer,  Inspector  of  Electric  Plants,  United  Gas  Improvement 
Co.,  Philadelphia,  Pa. 

F.  L.  Rhodes,  Outside  Plant  Engineer,  American  Telephone  &  Telegraph 
Co.,  New  York  City. 

Percy  Thomas,  Consulting  Engineer,  New  York  City. 

H.  M.  Hope,  Engineer,  Stone  and  Webster  Engineering  Corporation, 
Boston,  Mass. 

R.  D.  Coombs,  Consulting  Engineer,  Fitzpatrick  and  Coombs,  Inc.,  New 
York  City. 

Thos.  Sproule,  Assistant  Engineer,  Philadelphia  Electric  Co.,  Phila- 
delphia,   Pa. 

W.  T.  OviATT,  General  Superintendent,  Narragansett  Lighting  Co., 
Providence,  R.  I. 

J.  F.  DosTAL,  Superintendent,  Denver  Gas  &  Electric  Co.,  Denver, 
Colo. 

A.  S.  Rickey,  Consulting  Engineer,  Worcester,  Mass. 

Geo,  a.  Cellar,  Superintendent  Telegraph,  P.  R.  R.  Lines  West,  Pitts- 
burg, Pa. 

Geo.  H.  Lukes,  North  Shore  Electric  Co.,  Chicago,  111. 

HIGH-TENSION  TRANSMISSION  COMMITTEE 
AMERICAN   INSTITUTE  OF  ELECTRICAL  ENGINEERS 

Percy  H.  Thomas,  Chairman,  No.  2  Rector  Street,  New  York  City. 

H.  W.  Buck,  New  York  City. 

Gano  Dunn,  Ampere,  N.  J. 

W.  S.  Lee,  Charlotte,  N.  C. 

Ralph  D.  Mershon,  New  York  City. 

W.  S.  Moody,  Pittsfield,  Mass. 

Farley  Osgood,  Newark,  N.  J. 

Hugh  Pastoriza,  Provo,  Utah. 

Harold  Pender,  Boston,  Mass. 

Harris  J.  Ryan,  Stanford  University,  California. 

W.  I.  Slighter,  Schenectady,  N.  Y. 

H.  S.  Warren,  New  York. 
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COMMITTEE  ON  POWER  DISTRIBUTION 
AMERICAN    ELECTRIC   RAILWAY    ENGINEERING 

ASSOCIATION. 

A.,  F.   HovEY,   Chairman,   Cable  Engineer,    Interborough    Rapid  Transit 

Co.,  New  York  City. 
S.  L.  Foster,  Chief  Electrician,  United  Railroads  of  San  Francisco.  San 

Francisco,  Cal. 
J.  J.  Brennan,  Superintendent  of  Roadway  and  Ovcrfiead,  Fort  Wayne 

&  Wabash  Valley  Traction  Co.,  Fort  Wayne,  Ind. 
E.  J.  Dunne,  Superintendent  Distribution,  Public  Service  Railway  Co, 

Newark,  N.  J. 
A.   S.    RiCHEY,   Professor   of   Electric   Railway   Engineering,    Worcester 

Polytechnic  Institute,  Worcester,  Mass. 
William  Roberts,  Superintendent  of  Motive  Power,  Northern  Ohio  Trac- 
tion &  Light  Co.,  Akron,  O. 
G.  W.  Palmer,  Electrical  Engineer,  Boston  &  Northern    Street  Railway 

Co.,  Boston,  Mass. 
S.  D.  Sprong.  EJectrical  Engineer,  The  J.  G.  White  &   Co.,  New  York, 

N.  Y. 
C.  R.  Harte,  The  Connecticut  Co.,  New  Haven,  Conn. 


COMMITTEE  ON  IIIGII-TENSION  WIRE  CROSSINGS 
ASSOCIATION  OF  RAILWAY  TELEGRAPH 
SUPERINTENDENTS 

Geo.  a.  Cellar,  Chairman,  Superintendent  of  Telegraph,  Pennsyl- 
vania Lines  West  of  Pittsburg,  Pittsburg,  Pa. 

W.  W.  AsHALD,  Superintendent  of  Telegraph,  Grand  Trunk  Railroad, 
Montreal,  Que.,  Canada. 

Wm.  Bennett,  Superintendent  of  Telegraph,  Chicago  &  Northwestern 
Railroad  Co.,  Chicago,  111. 

W.  P.  Cline,  Superintendent  of  Telegraph,  Atlantic  Coast  Line,  Wilming- 
ton, N.  C. 

S.  A.  D.  Forristall,  Superintendent  of  Telegraph,  Boston  &  Maine 
Railroad  Co.,  Boston,  Mass. 

G.  H.  Groce,  General  Railway  Signal  Co.,  Rochester,  N.  Y. 

J.  G.  Jennings,  Superintendent  of  Telegraph,  Rock  Island  Lines,  Chi- 
cago, 111. 

C.  A.  Parker,  Superintendent  of  Telegraph,  Denver,  Northwestern  & 
Pacific  Railway,  Denver,  Colo. 

C.  Selden,  Superintendent  of  Telegraph,  Baltimore  &  Ohio  Railroad  Co., 
Baltimore,  Md. 

J.  M.  Walker,  Superintendent  of  Telegraph,  Denver  &  Rio  Grande 
Railroad  Co.,  Denver,  Colo. 
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COMMITTEE  ON  ELECTRICITY 
j\MERICAN    RAILWAY    ENGINEERING    AND    MAINTENANCE- 

OF-WAY  ASSOCIATION. 

Geo.    W.   Kittredge,   Chairman,   Chief   Engineer,   New   York  Central  & 

Hudson  River  Railroad  Co.,  New  York  City. 
J.  B.  Austin,  Jr.,  Engineer,  Maintenance  of  Way,  Long  Island  Railroad, 

Jamaica,  N.  Y. 
*R.  D.  CooMBS,  Consulting  Engineer,  Fitzpatrick  and  Coombs,  New  York 

City. 
*A.  O.  Cunningham,  Chief  Engineer,  Wabash  Railroad,  St.  Louis,  Mo. 
W.  W.  EhiiNKER,  Assistant  Engineer,  Erie  Railroad  Co.,  New  York  City. 
Geo.   Gibbs,   Chief  Engineer,   Electric  Traction  &  Station   Construction, 

Pennsylvania  Tunnel  &  Terminal   Railroad   Co.,   New   York  City. 
*G.  A.  Harwood,  Chief  Engineer,  Electric  Zone  Improvements,  New  York 

Central  &  Hudson  River  Railroad  Co.,  New  York  City. 
E.    B.   Katte,   Chief  Engineer  Electric   Traction,   New  York  Central  & 

Hudson  River  Railroad  Co.,  New  York  City. 
W.  S.  Kinnear,  President  Kansas  City  Terminal  Railway,  Kansas  City, 

Mo. 
C.  E.  Lindsay,  Division  Engineer,  New  York  Central  &  Hudson  River 

Railroad  Co.,  Albany,  N.  Y. 
E.   H.   McHenry,  Vice-President,  New  York,   New   Haven  &  Hartford 

Railroad  Co.,  New  Haven,  Conn. 
*W.  S.  Murray,  Electrical  Engineer,  New  York,  New  Haven  &  Hartford 

Railroad  Co.,  New  Haven,  Conn. 
J.    A.    Peabodv,    Signal    Engineer,    Chicago    &    Northwestern    Railway, 

Chicago,  111. 

*Sub-committee. 
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POSTAL  TELEGRAPH-CABLE  COMPANY 

EXECUTIVE  OFFICES 

2$  3  bkoaoway 
Chaalss  C.   Adams 

Second   Vice-President 

New  York,  January  31,  191 1. 

Proposed  specification  for  overhead  crossings. 
Mr.  Farley  Osgood,  Chairman, 

Overhead  Line  Construction  Committee, 
763  Broad  Street,  Newark,  N.  J. 

Dear  Sir: — Referring  to  your  letter  of  January  26XI1,  with  a  drai: 
of  the  proposed  overhead  crossing  specifications. 

Our  Engineers  have  reviewed  this  draft  and  it  has  their  approval 

Yours  truly, 

C.  C.  Adams, 

Vice-President 


THE  WESTERN  UNION  TELEGRAPH  COMPANY 

195  BROADWAY 

R.    E.    ClIETWOOD 

■     ■  Engineer   of    Construction 

New  York,  April  28,  1911. 

Subject:     Specifications   for   Overhead   Crossings   of   Klectric    Light  and 

Power  Lines. 

Mr.  Farley  Osgood,  Chairman, 

National  Electric  Light  Association, 

Overhead  Line  Construction  Committee, 
763  Broad  Street,  Newark,  N.  J. 

Dear  Sir: — Regarding  the  specifications  for  overhead  crossings  of 
electric  Hght  and  power  lines,  which  your  Committee  is  to  recoramenJ 
to  the  National  Electric  Light  Association  for  approval  at  its  Convention 
in  May  and  which  I  understand  have  already  been  approved  by  Com- 
mittees representing  the  American  Institute  of  Electrical  Engineers; 
American  Electric  Railway  Association;  American  Railway  Engineering 
and  Maintenance  of  Way  Association,  and  the  Association  of  Railway 
Telegraph  Superintendents,  this  is  to  say  that  the  specifications  arc  satis- 
factory and  meet  with  the  approval  of  the  Western  Union  Telegraph 
Company. 

Yours  truly, 

R.    E.   Chetwood, 

Engineer  of  Constructifn. 
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AMERICAN  TELEPHONE  AND  TELEGRAPH  COMPANY 

IS  DBY  STREET 

JOHM  J.  CaKTY 

Chief  Engiaccr 

New  York,  April  24,  191 1. 
April  18—33230—462. 

Subject:   Overhead  Line  Construction  Specifications. 

Ms.  Fasley  Osgood,  Chairman, 

Overhead  Line  Construction  Committee, 
National  Electric  Light  Association, 
763  Broad  Street,  Newark,  N.  J. 

Dear  Sir  .-—Replying  to  your  letter  of  the  i8th  of  this  month  regard- 
ing the  specifications  drawn  by  the  Overhead  Line  Construction  Committee 
of  the  National  Electric  Light  Association,  I  have  to  say  that  it  is  my 
understanding  that  the  specifications  which  you  refer  to  in  your  letter 
provide  for  the  form  of  construction  to  be  used  for  overhead  crossings 
of  electric  light  and  power  lines  and  that  they  are  those  recommended  in 
the  joint  report  of  the  Committee  on  Overhead  Line  Construction  of  the 
National  Electric  Light  Association,  the  High-Tension  Transmission  Com- 
mittee of  the  American  Institute  of  Electrical  Engineers,  the  Conmiittee  on 
Power  Distribution  of  the  American  Electric  Railway  Association,  the 
Committee  on  High-Tension  Wire  Crossings  of  the  Association  of  Rail- 
way Telegraph  Superintendents,  and  the  Sub-Committee  of  Committee  on 
Electricity  of  the  American  Railway  Engineering  and  Maintenance  of 
Way  Association.  You  are  hereby  authorized  to  say  that  the  above-men- 
tioned specifications  have  the  approval  of  this  department 

Yours  truly, 

J.  J.  Carty, 

Chief  Engineer. 


THE  NEW  YORK,  NEW  HAVEN  AND  HARTFORD  RAILROAD 

COMPANY 

orncB  or 
Vick-Pkbsiobnt 

New  Haven,  Conn.,  April  24,  191 1. 
Mr.  Farley  Osgood, 

763  Broad  Street,  Newark,  N.  J. 

Dear  Sir  : — A  meeting  of  the  full  committee  appointed  by  the  Ameri- 
can Railway  Association,  to  consider  the  subject  of  overhead  electrical 
ci-ossings.  was  held  in  New  York  on  April  14th,  at  which  the  Sub-Com- 
mittee presented  its  report  with  the  reconunendation  for  its  adoption^ 
and  I  beg  to  advise  that  while  the  Committee  has  not  finally  acted  upon 
it,  that  it  has  been  favorably  received. 

Yours  truly, 

E.  H.  McHenry, 

Vice-President 
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DISCUSSION 

Mr.  D.  F.  McGee,  Portland,  Ore. :  I  believe  that  ibe 
mittee  which  has  prepared  this  Report  desenrcs  imicli  credr  ir 
the  work  it  has  done.  I  must,  however,  enter  an  objeCTcc  :: 
any  action  being  taken  by  the  Committee  at  this  time  iov«ri: 
approving  or  endorsing  the  specifications  given.     I 


1.    c 


company  which  operates  on  the  Pacific  Coast.  \Vc  have  hnz- 
dreds  of  miles  of  high-voltage  transmission  lines.  Oar  dxr 
tributing  lines  serve  a  territory  which  is  very  sparsely  sctaec 
Our  distributing  voltages  are  6600  and  11,000  volts.  We  arc 
only  one  of  a  large  number  of  companies  operating  under  sizdla: 
conditions.  The  adoption,  as  a  standard,  of  5000  volts  as  a  max- 
imum which  we  could  use  would  put  us  out  of  business.  Onr 
sub-stations  are  approximately  20  miles  apart.  We  serve  towns 
of  500,  1000,  2000,  3000  people,  and  our  distributing  voltages  is 
those  towns  is  invariably  6600. 

I  am  a  member  of  the  Committee  of  the  Northwest  .Asso- 
ciation, and  have  had  conference  with  the  State  authorities  in 
Washington,  who,  last  year,  adopted  rules  for  overhead  line  con- 
struction in  the  form  of  a  statute.  We  have  a  Public  Service  Com- 
mission in  the  State  of  Oregon,  and  I  am  a  member  of  a  committee 
which  is  now  having  conference  meetings  with  the  engineer  of  the 
Commission  in  order  to  formulate  rules  for  overhead  line  con- 
struction in  that  State.  We  have  tentatively  adopted — I  think 
the  matter  will  be  decided  within  the  next  few  days— a 
rule  setting  the  limit  of  voltage  at  15,000,  similar  to  what 
has  been  done  in  the  State  of  California,  and,  I  think, 
it  is  a  matter  of  much  importance  to  each  and  every  one  of  us 
that  we  should  not  go  on  record  here  as  stating  that  we  are 
willing  to  make  a  standard  form  of  construction  of  not  over 
5000  volts.  We  have  had  no  accidents  whatever,  and  I  feel  we 
would  be  making  a  mistake  to  adopt  these  specifications. 

Mr.  D.  W.  Roper,  Chicago:  On  page  581  appear  some 
specifications  for  galvanizing.  A  number  of  companies  are  now 
using  sherardized  material,  and  if  these  specifications  are  suitable 
for  sherardizing  material,  I  would  suggest  that  the  wording  be 
changed.  If  they  are  not  suitable,  I  would  like  to  recommend 
that  the  Committee  prepare  specifications  for  sherardizing  mate- 
rial also. 
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Mr.  T.  K.  Stevenson,  New  York  City:  In  these  specifica- 
^  tions,  under  Material,  there  is  a  statement  that  copper-covered 
"steel  wire  may  be  used.  I  mention  this  because  the  Committee 
'  has  also  approved  specifications  for  copper-clad  steel  wire.  On 
^'  the  other  hand,  as  it  proceeds  with  these  specifications  it  states : 
-  "The  conductors  should  be  of  copper,  aluminum,  or  other  non- 
-oorrodible  material,"  and  so  forth,  and  on  other  pages  gives  the 
^  unit  working  stresses  for  copper,  aluminum  and  iron.  I  wonder 
:  if  it  would  not  be  possible  to  make  somewhat  clearer  mention 

of  the  use  of  copper  and  more  definite  specifications  as  to  its 

use. 

Mr.  L.  G.  Coleman,  Bartlesville,  Okla. :    I  just  wish  to 

state  for  the  benefit  of  the  speakers  that  sherardizing  is  referred 

to  in  paragraph  63. 

Mr.  George  A.  Sawin,  Newark,  N.  J.:    In  the  preface  to 

this  report,  a  definite  recommendation  is  made  with  respect  to 

the  creation  of  a  joint  committee  as  follows: 

"The  Committee  feels  that  on  account  of  the  great  amount  of 
attention  given  to  this  specification  work  by  other  Associations  at 
interest,  it  is  desirable  to  broaden  the  scope  of  the  Overhead 
Line  Construction  Committee,  and  to  change  the  title  to  the 
'National  Joint  Committee  on  Overhead  Line  Construction,' 
thus  eliminating  any  one  Society  as  the  sponsor  for  the  Commit- 
tee, and  making  the  organization  of  the  Committee  sufficiently 
strong  and  of  such  general  personnel  as  to  cover  all  the  require- 
ments for  overhead  line  construction  work,  and  to  cover  them 
on  a  completely  mutual  basis. 

"It  is  felt  that  if  this  can  be  accomplished,  various  branches 
of  line  work  can  be  handled  by  sub-committees  of  this  general 
National  Joint  Committee,  and  that  no  conflicting  specifications 
would  be  likely  to  result  from  such  a  community  of  interest  in 
the  National  Joint  Committee. 

"There  has  not  been  time  to  prepare  for  this  Convention  a 
distinct  plan  of  creation  for  this  National  Joint  Committee,  but 
your  Committee  asks  the  authority  of  the  Association  to  formu- 
late a  National  Joint  Committee  as  suggested,  in  any  way  which 
may  seem  best,  which  method  shall  carry  the  approval  of  the 
Executive  Committee  of  the  National  Electric  Light  Association 
before  final  action  on  the  part  of  your  representatives  is  taken. 
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*'We  cannot  urge  too  strongly  the  necessity  of  such  action  anil 
the  great  amount  of  good  that  can  come  from  a  National  ]m, 
Committee  as  described,  and  tentative  discussions  with  the  repn- 
sentatives  of  our  sister  Associations  lead  us  to  state  here  that  tUs 
plan  will  unquestionably  receive  general  approval,  as  not  oqIt 
feasible  but  most  desirable  of  accomplishment." 

That  seems  to  be  a  very  good  suggestion,  and,  in  order  to 
get  it  formally  before  the  Session,  I  move  you  that  the  recom- 
mendation for  a  Joint  Committee  be  approved  by  the  Technki 
Section,  and  that  the  matter  be  referred  to  the  Executive  Com- 
mittee for  the  necessary  action  to  make  the  sug^gestion  of  the 
Committee  possible. 

(The  motion  was  duly  seconded  and  carried.) 

Mr.  Ernest  H.  Davis,  Williamsport,  Pa. :  This  does  not 
commit  the  Section  to  the  request  that  either  the  Class  A  members 
or  the  Executive  Committee  adopt  the  specification  in  its  present 
form?  Do  I  understand  that  this  refers  only  to  the  formation 
of  the  new  joint  committee? 

The  Chairman  :  That  is  all. 

Mr.  R.  J.  McClellan,  New  York  City:  I  want  to  pro- 
test against  the  adoption  of  these  specifications  as  they  stand. 
The  transmission  companies  which  operate  in  different  Stales 
would  be  put  to  great  hal'dship  in  following  these  specificatiooi 
Really,  we,  who  are  operating  long  interstate  lines,  are  constantly 
faced  with  the  specifications  prepared  by  the  National  body, 
people  saying :  "These  specifications  have  been  prepared ;  wh\ 
do  you  not  follow  them?*' 

Mr.  Sawin  :  There  seems  to  be  some  special  objection  to 
the  specifications,  which,  perhaps,  is  out  of  order,  since  there  is 
no  definite  motion  before  us.  In  order  to  bring  the  subject 
definitely  before  the  Section,  I  move  you  that  these  revised  speci- 
fications be  adopted  with  the  usual  procedure,  which  means,  ap- 
proved by  the  Technical  Section  and  submitted  to  the  Executive 
Committee  for  final  action. 

Mr.  R.  D.  Coombs,  New  York  City :  Is  Mr.  Sawin  not  out 
of  order?     The  only  matter  before  the  Section  is  the  changes. 

The  Chairman  :  I  accept  the  correction  and  trust  that  Mr. 
Sawin  will  do  so,  as  his  motion  has  not  been  seconded.  I  will 
ask  Mr.  Paine  to  close. 
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Mr.  Paine:  As  to  sherardizing,  the  Committee  made  con- 
^  siderable  effort  to  get  proper  specifications  for  this,  but  was  not 
S^  able  to  find  any  unanimity  of  expression  which  could  be  incor- 
3  porated  into  a  general  specificatiort.  Any  member  having  knowl- 
edge of  the  manner  of  testing  or  the  manner  of  dealing  with 
.  sherrardized  material  would  render  the  Committee  a  great  service 
"   by  describing  it. 

The  copper-clad  cable  unit  stresses  are  included  in  the  gen- 
eral application  of  the  unit  stresses  applicable  to  the  material 
employed.  It  has  not  been  the  practise  of  the  Committee  to 
incorporate  any  specification  for  one  individual  manufacturer's 
patented  or  copyrighted  material. 

A  standard  crossing  specification  is  needed.  There  can  be 
no  question  that  the  specification  which  will  be  followed  by  the 
company  crossing  must  be,  at  least  in  a  measure,  satisfactory  to 
the  company  crossed,  and  there  must  be  a  general  agreement 
throughout  the  country.  It  is  true,  there  is  a  great  deal  of  con- 
struction in  this  country  which  does  not  come  up  literally  to  every 
detail  of  our  crossing  specifications ;  indeed,  there  is  an  enormous 
amount  which  does  not  come  up  to  the  specifications,  and  yet 
the  work  is  very  satisfactory.  There  has  never  been  an  instance 
within  my  knowledge  when  both  parties  have  adopted  the  N.  E. 
L.  A.  specification,  where  technical  details,  for  some  reason  lo- 
cally difficult  to  carry  out,  have  not  been  waived  if  the  crossing 
company  properly  discussed  them  with  the  railroad  and  telephone 
companies.  Where,  however,  a  railroad  or  telephone  company 
has  arbitrarily  promulgated  its  own  specifications,  then  trouble 
and  expense  are  always  found.  This  is  a  general  specification 
with  general  application  throughout  the  country,  and  should  be 
followed.  It  is  only  fair  that  the  company  crossed  should  be 
protected. 

Probably  no  one  question  has  been  more  discussed  than 
the  limitation  of  5000  volts  in  joint  telephone  and  electric  power 
work.  Gentlemen,  we  all  use  telephones.  Our  children  use 
them,  our  families  use  them.  Our  telephones  must  be  safe.  I 
do  not  know  when  or  exactly  how  that  limitation  of  5000  volts 
will  be  raised.  I  hope  it  will  be  raised  this  year  to  12,000  volts. 
I  believe  this  will  be  accomplished,  but  until  the  telephone  com- 
panies can  provide  a  practical  means  of  protecting  their  sub- 
scribers, and  we  are  among  the  subscribers,  we  cannot  afford. 


598 

for  the  sake  of  saving  a  few  dollars  at  every  crossing,  i 
please,  to  run  the  risk  of  injury  to  the  community  and  tc 
selves.  I  assure  you  that  if  properly  applied  these  specific 
are  not  arduous.  They  do  not  constitute  an  expense  o 
moment,  and  cause  but  little  trouble.  It  is  a  worthy  cfi 
make  safe  that  other  public  utility  which  has  the  greater  n 
of  people  using  it. 

(Vice-President  Abbott  here  took  the  chair.) 

The  Chairman:  The  next  number  will  be  a  paj 
"Switchboard  Instruments,"  by  Mr.  Paul  MacGahan,  of 
burgh. 


SWITCHBOARD  INSTRUMENTS 

The  province  of  this  paper  is  to  cover  in  general  both  alter- 
nating-current and  direct-current  switchboard  indicating  instru- 
ments for  the  usual  central-station  or  commercial  service.  The 
features  of  interest  concerning  both  alternating-current  and 
direct-current  instruments  will  be  taken  up  first;  then  novel  fea- 
tures in  each  will  be  noted,  followed  by  a  brief  description  of 
the  new  forms  of  alternating-current  relays. 

The  features  of  interest  regarding  instruments  are  as  fol- 
lows: Accuracy,  compactness,  reliability,  damping,  ruggedness, 
accessibility  and  simplicity. 

Accuracy 

High  initial  accuracy  should  not  in  itself  be  taken  as  a 
measure  of  excellence  in  a  switchboard  instrument,  as  reliability 
under  operating  conditions  with  a  reasonable  degree  of  accuracy 
is  more  important.  A  meter  that  may  show  an  accuracy  of  % 
per  cent  under  laboratory  conditions  might  be  totally  unsuited  to 
the  service  intended.  Assuming  first-class  workmanship  and 
material,  it  is  possible  to  obtain  satisfactory  initial  accuracy  with 
any  modern  make  of  instrument,  properly  applied.  But  con- 
tinued accuracy  under  the  varying  conditions  of  operation  is  an 
entirely  different  matter  and  the  purchaser  who  is  governed  by 
price  and  initial  accuracy  only,  without  regard  to  the  principles 
of  design  or  features  of  construction,  is  liable  to  get  into  difficulty 
later  on. 

What  then  are  the  features  which  should  guide  the  pur- 
chaser in  predetermining  the  probable  operating  accuracy  of 
any  given  instrument? 

The  sources  of  error  in  any  electrical  instrument  may  be 
classified  as  being  mechanical,  electrical  and  observational.  The 
electrical  errors  are,  generally  speaking,  of  less  importance  than 
the  mechanical  defects  because  the  latter  have  an  effect  upon  the 
life  of  the  instrument  and  increase  with  time. 

Electrical  errors  may  consist  of  the  following: 

Temperature  errors,  Frequency    errors    in    alternating- 

Self-heating  errors,  current  meters, 

External  magnetic  field  errors,  Wave   form   errors   in   alternating- 

Residual    errors    in    direct-current  current  meters, 

moving  iron  meters,  Phase  angle  errors  in  alternating- 

current  meters. 
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A  careful  study  of  the  leading  American  makes  of  instnh 
ments  shows  that  all  are  satisfactory  for  operating  purposes,  with 
regard  to  temperature,  self  heating,  frequency  and  phase  angk 
errors.  There  is  a  wide  divergence  as  to  action  under  the  infln- 
ence  of  external  magnetic  fields.  Moving  iron  instruments  shov 
sufficient  residual  error  to  preclude  their  use  for  any  service 
requiring  accuracy  on  direct  current.  They  also  indicate  incor- 
rectly on  rectified  direct-current  circuits  because  of  wave  form 
error. 

The  mechanical  sources  of  error  which  may  affect  a  con- 
tinuation of  accuracy  are  as  follows : 

Excessive   weight   of   moving   clc-      Insufficient  controlling  force, 
ment,  Insufficient  insulation. 

Instifficient   ruggedness   of   moving 
element. 

With  regard  to  the  weight  of  moving  element  it  can  be  said 
that  providing  ruggedness  is  not  sacrificed  and  a  high  ratio  of 
torque  to  weight  is  maintained,  the  lighter  the  movement  the 
greater  the  permanency.  A  movement  which  weighs  ten  grams 
is  perfectly  safe  as  far  as  jewel  life  is  concerned,  and  one  which 
weighs  less  than  two  grams  is  unnecessarily  light ;  for  if  rugged- 
ness is  not  sacrificed,  as  is  usually  the  case  in  such  light  move- 
ments, the  parts  become  too  small  to  be  handled  or  repaired  out- 
side of  the  factory.  The  following  table  gives  the  values  of  the 
weights  of  movement  in  the  direct-current  and  alternating-cur- 
rent meters  of  three  of  the  principal  American  makes  together 
with  the  torque  and  ratio  of  torque  to  weight. 


No.         Circuit  Type  Form 

1  D  -C.  D'Arsonval  9  in.  am. 

2  "  "  9  in.  am. 

3  "  "  9  in.  volt 

4  "  **  9  in.  volt 

5  "  "  9  in.  am. 

6  "  •9  in.  volt 

7  A  -C.  Moving  iron  horiz.  Edge  V. 

8  "  /*  9  in.  volt 

9  **  Induction  drum 

movement  9  in.  volt 

10  *         Induction  spiral 

disk  movement  9  in.  volt 

*  From  reprint  163,  Bulletin  U.  S.  Bureau  of  Standards. 
t  Sinfifle  Air  Gap  Type. 


Grams 

Torque 

Ratio 

Movement 

MM.  Grs. 

TW 

2.55 

6.2 

24* 

2.17 

3-7 

1.7* 

1.72 

9.4 

5.5* 

1.64 

5. 

3.0' 

2.7 

9.1 

34t 

r       ^ 

12. 

SO* 

^  9. 

1 1.6 

1-3 

1. 91 

.94 

.5 

5. 

15. 

3. 

21.7 

20. 

.93 
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«  The  figures  given  for  alternating-current  voltmeters  are  also 

?^-  approximately  correct  for  ammeters  and  single-phase  wattmeters. 
>.  Corresponding  polyphase  wattmeters  have  movements  which 
^  weigh  twice  as  much  and  have  twice  the  torque  of  the  single-phase 
■?  meters. 

In  order  to  reduce  the  errors  of  observation  to  a  minimum 
:  the  meters  should  have  scales  of  maximum  length  compared  with 
the  space  occupied  on  the  switchboard;  moreover  the  illumina- 
tion of  the  dial  and  its  legibility  should  not  be  interfered  with 
by  metal  covers.  A  meter  having  a  full  glass  front  displaying 
the  full  length  of  the  pointer  is  much  more  legible  from  a  distance 
than  one  having  a  slotted  metal  cover. 

Under  many  conditions  of  illumination  it  will  be  found  to 
add  considerably  to  clearness  to  have  the  dials  a  dull  black  with 
white  markings  and  pointers.  This  also  adds  a  certain  elegance 
to  the  general  appearance  of  the  switchboard. 

A  comparison  of  legibility  to  switchboard  space  occupied 
was  given  in  a  paper  by  the  writer  read  before  the  American 
Institute  of  Electrical  Engineers  in  Boston,  June,  1912,  from 
which  the  following  tables  are  reprinted. 

COMPARISON  OF  VOLTMETER  POINTER  DEFLECTIONS 

Inches 
Rating        Size  Type  Point  per  Volt 


it  a 


150  volt  7J^ 

7^/2 


tt  ft 
it  tt 
*t      tt 


n.  round  pattern,  induction  type,  115  volt  0.16 

n.      "            "         moving  iron,  "       "    0.035 

n.      "            "         induction  type,  "       "    0.16 

n.      "            "        moving  iron,  "       "    0.05 

n.      "            "        D'Arsonval  type,  "       "    0.052 


6  X  8J^  in.  horizontal  edgewise,  moving  iron,  "      "    0.023 

"       "    4  X  18  in.  vertical  edge,  "       "    0.13 

ALTERNATING-CURRENT  INSTRUMENTS 

Until  recently  the  principal  switchboard  instrument  construc- 
tion comprised  a  case  of  circular  form  approximately  9J4  inches 
in  diameter.  Attempts  to  economize  space  by  reducing  the  diam- 
eter were  not  satisfactory,  as  they  resulted  in  a  considerable  reduc- 
tion of  scale  length.  Edgewise  construction  of  cases  was  often 
resorted  to  for  economizing  space  at  the  expense  of  legibility. 
Complete  and  uniform  lines  of  7>4-inch  meters  were  not  then 
available.  More  recently  complete  lines  of  alternating-current 
and  direct-current  switchboard  round-type  instruments  in  7J4- 
inch  diameter  cases  have  been  brought  out  which  have  the  same 
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scale  length  and  clearness  as  the  best  instruments  of  gjii  inch 
diameter.  As  the  larger  cases  offer  no  advantage  whatever  oyct 
the  7^-inch  type,  cost  more,  and  require  larger  panels,  the  jYr 
inch  form  will  in  all  probability  be  used  to  a  greater  extent  in  the 
future. 

The  induction  principle  of  operation  makes  possible  the  suc- 
cessful 7^-inch  meter,  as  no  other  construction  would  result  in  a 
sufficiently  long  scale.  Among  the  other  advantages  of  this  prin- 
ciple of  operation  are  very  high  damping,  comparative  freedom 
from  external  field  and  temperature  errors,  and  light-weight 
movements  having  simplicity  and  strength  and  a  high  ratio  oi 
torque  to  weight.  The  movements  of  the  latest  induction  meters 
comprise  an  aluminum  drum,  shaft  and  pointer  only,  and  weigh 
approximately  five  grams.  No  amount  of  shock  due  to  overloads 
or  rough  handling  in  transit  will  injure  such  movements.  The 
frequency  errors  are  so  slight  as  to  be  negligible  for  commercial 
switchboard  service. 

Polyphase  wattmeters  comprise  two  drums  mounted  on  one 
shaft,  each  operating  in  the  field  of  an  independent  electro- 
magnet, thus  havmg  movements  which  weigh  approximately  twice 
as  much  as  the  ammeters  and  operating  with  twice  the  torque  of 
the  latter. 

DIRECT-CURRENT  INSTRUMENTS 

The  advantages  of  the  permanent  magnet  or  D' Arson vai 
meter  for  direct  current  are  too  well  known  to  require  description. 
The  original  double  air-gap  form  of  construction  as  found  in 
nearly  all  the  D'Arsonval  meters  is  also  well  understood.  A 
later  development  of  the  same  principle  is  the  single  air-gap  t}-pe 
having  a  coil  pivoted  at  one  edge,  the  opposite  edge  turning  in  a 
single  air-gap.  The  purpose  of  this  construction  is  to  Increase 
ruggedness,  to  permit  removal  of  the  moving  element  with- 
out disturbing  the  magnetic  circuit,  to  allow  magnetizing  and 
ageing  of  the  permanent  magnets  after  they  are  assembled  with 
the  pole  piece,  and  to  lessen  the  reluctance  of  the  magnetic  circuit 
by  reducing  the  air-gap  to  one-half  the  length  of  that  used  in  the 
double-gap  meters.  Additional  advantages  are  that  this  con- 
struction permits  the  use  of  a  strong  and  clearly  visible  pointer, 
the  coil  being  used  to  counterbalance  the  pointer,  and  that  the 
possible  scale  length  is  greatly  increased. 
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In  the  appUcarion  of  D'Arsonval  meters  to  switchboards 
rolling  heavy  currents,  careful  consideration  must  be  given 
ray  field  conditions.  If  the  meters  are  mounted  in  the  neigh- 
lood  of  bus  bars  which  normally  carry  heavy  currents  or 
:h  may  carry  heavy  currents  due  to  short  circuits  on  the  sys- 

the  result  may  be  to  permanently  affect  the  strength  of  the 
nets  and  thus  the  calibration. 

In  switchboard  design  it  is  generally  feasible  to  keep  the 
Eontal  bus  bars  at  a  sufficient  distance  from  the  meters,  but 
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often  impracticable  to  keep  the  vertical  or  feeder  bus  bars 
enough  behind  the  feeder  ammeters  to  avoid  affecting  the 
nets. 

Experiments  prove  that  no  reasonable  amount  of  shielding 
neans  of  thick  iron  cases  or  iron  plates  will  prevent  demag- 
cation  when  short-circuits  occur  on  heavy  systems.  Up  to  a 
un  point  shielding  is  sufficient,  but  as  the  fields  increase  in 
isJty  the  shielding  material  saturates  and  loses  its  further 
*  entirely. 
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Thus  two  standard  makes  of  D'Arsonval  meters  were  plact-i 
inside  of  laminated  iron  ring  punchings,  fonning  a  cylindnd 
wall  around  the  meters  i^i  in.  thick,  and  8  in.  deep.  TheriDgi 
and  the  meters  were  placed  in  the  center  of  magnetizing  cob 
having  5000  ampere  turns,  so  disposed  as  to  correspond  to  tk 
effect  of  stray  fields  from  bus  bars.  A  difference  in  reading  oi 
about  22  per  cent  was  noted  by  reversing  the  current  in  the  coil  a 
both  instruments  and  after  the  tests  it  was  found  that  the  strengti 
of  the  magnets  had  been  permanently  reduced. 

However,  it  was  found  that  if  the  demagnetizing  field  is  is 
such  a  position  as  to  pass  through  the  permanent  magnets  at  rigfa 
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angles  to  the  direction  of  the  permanent  magnet  flux — ^that  is 
from  side  to  side  of  the  steel — there  is  little  or  no  eflFect  producc-i 
upon  the  magnet  or  upon  the  calibration  of  the  meter.  This  is 
true  even  if  the  meter  is  entirely  unshielded. 

In  the  case  of  the  single  air-gap  type  meter  it  is  perfectly 
feasible  to  so  dispose  the  magnet  that  the  stray  field  from  a  ver- 
tical bar  will  not  affect  the  magnet.  Fig.  i  shows  the  location 
of  the  bus  bar  and  the  direction  of  the  magnetic  field  product 
by  it. 

The  use  of  meters  with  magnets  especially  arranged  in  this 
way  is  recommended  for  locations  in  proximity  to  vertical  bus 
bars  carrying  heavy  currents. 
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Closely  allied  to  the  design  of  the  induction  ammeters  and 
wattmeters,  is  that  of  alternating-current  protective  relays.  In 
these  instruments  the  moving  element  consists  of  a  circular  disc, 
operating  in  the  air  gaps  of  an  actuating  electromagnet,  and  of  a 
damping  permanent  magnet.  The  shaft  instead  of  actuating  a 
pointer  moves  a  contact  arm  arranged  to  close  a  tripping  circuit 
tinder  predetermined  conditions.  The  inverse  time  element  char- 
acteristics are  obtained  by  the  action  of  the  permanent  magnet 
upon  the  disc. 


These  relays  are  made  in  the  following  types : 

(a)  Current  or  overload,  inverse  time  element,  operating 
instantaneously  at  heavy  overloads. 

(b)  Current  or  overload  inverse  time  element  operating  non- 
instantaneously  at  heavy  overloads,  the  minimum  time  element 
for  any  overload  being  adjustable.  The  time  curve  character- 
istics of  these  two  types  are  shown  in  Fig.  2. 

(c)  Overload  and  reverse  relays,  inverse  time  element.  These 
relays  will  trip  on  heavy  loads  in  the  normal  direction  or  light 
loads  in  the  reverse  direction  providing  the  voltage  or  the  power- 
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factor  does  not  fall  to  a  low  value.     At  zero  voltage  or  power- 
factor  these  relays  act  exactly  like  ordinary  overload  relays  (a). 

(d)  Reverse  current  selective  type  relays.  These  relays 
operate  on  reverse  currents  exactly  like  relays  (c)  but  have  » 
selective  wattmeter  element  in  the  same  case  so  connected  as  to 
keep  the  trip  circuit  open  whenever  power  flows  in  the  normal 
direction,  thus  absolutely  preventing  the  relay  from  tripping  on 
overload,  even  should  the  voltage  or  power-factor  fall  suffi- 
ciently to  make  the  true  watts  flowing  in  the  normal  direction  as 
low  as  2  per  cent  of  normal  full  load  value. 

All  of  the  relays  mentioned  are  made  in  single-phase  units 
two  or  more  being  required  to  properly  protect  a  polyphase  line- 
By  means  of  relays  (a)  and  (b)  properly  applied,  complete 
selective  protection  can  be  obtained  for  radial  feeders  or  tie  lines 
operated  in  series. 

Complete  reverse  current  protection  for  generators,  parallel 
feeders,  etc.,  can  be  obtained  by  using  relays  (c)  wherever  the 
conditions  are  such  that  short-circuits  or  grounds  will  not  cause 
a  serious  drop  in  the  voltage  or  power-factor  at  the  points  where 
the  relays  are  located. 

It  may  be  stated  as  an  axiom  or  definite  law  that  relays  locat- 
ed at  the  substation  terminals  of  transmission  lines  should  be 
arranged  so  that  tripping  can  never  take  place  because  of  power 
flowing  into  the  substation.  Following  this  law,  the  reverse  relays 
described  completely  solve  the  problems  of  reverse  current  pro- 
tection, even  in  cases  where  voltage  and  power-factor  drop  to 
low  value  during  short  circuits.  They  are  particularly  useful  at  the 
incoming  ends  of  transmission  lines.  In  case  of  trouble  on  one 
line,  the  relay  on  this  line  will  trip,  due  to  the  reversing  of  power 
direction,  whereas,  the  relay  on  the  other  line  will  not  operate 
no  matter  how  great  the  overload  may  be. 

These  relays  also  furnish  protection  to  ring  systems  of  feed- 
ers. Let  us  consider  two  substations  connected  by  transmission 
line  with  a  set  of  these  instruments  at  each  end  arranged  to  trip 
only  when  power  flowing  away  from  the  substation  exceeds  a 
certain  definite  amount.  Now  in  case  of  a  ground  or  short 
between  the  stations,  excessive  power  will  flow  away  from  each 
substation,  both  sets  of  relays  will  operate  and  the  line  is  entirely 
cleared.  Fig.  2  shows  the  actual  arrangdtnent  of  a  disturbing 
system  successfully  using  this  form  of  protection. 
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DISCUSSION 

Mr.  B  H.  Smith,  East  Pittsburgh,  Pa.:  We  have  about 
250  of  these  relays  distributed  among  25  operating  companies, 
and  so  far  as  we  know  they  are  giving  very  satisfactory  service. 
If  any  of  the  representatives  of  these  companies  are  here  who 
are  familiar  with  these  relays,  we  would  like  to  hear  from  them. 

Mr.  C.  p.  Osborne,  Portland,  Ore. :  We  have  had  occasion 
to  try  these  relays  in  our  part  of  the  country,  and  we  have  found 
some  of  them  satisfactory.  I  do  not  know  that  we  have  the 
particular  type  the  gentleman  speaks  of.  Mo^t  of  ours  are 
of  General  Electric  make  and  I  can  say  for  them  that  usually — 
not  always,  but  usually — they  will  do  what  we  expect  of  them. 
One  great  fault  with  the  alternating-current  relay  is  its  lack  of 
accuracy.  We  cannot  get  one  that  we  can  absolutely  depend  upon. 
We  have  a  good  many  of  the  bellows  type  of  relay,  made  with 
a  time  limit,  and  while  it  is  claimed  they  can  be  set  to  a  definite 
limit,  I  disagree.  We  have  not  as  yet  had  a  relay  from  any 
manufacturer  which  is  absolutely  accurate  as  to  time  limit.  If 
these  are  to  be  had  now,  it  is  time  for  us  to  bring  our  apparatus 
up  to  date.  I  simply  want  to  state  that  I  have  supposed  the 
different  manufacturers  knew  that  the  relays  are  not  reliable. 
We  have  not  found  them  so. 

Mr.  Smith  :  I  would  like  to  say  in  regard  to  the  accuracy 
of  alternating-current  induction  relays,  that  we  have  known 
cases  where  a  relay  was  correct  every  time  tested  within  two 
cycles  on  25-cycle  work.  An  induction  relay  will  give  a  much 
more  accurate  time  limit  than  other  types  of  relay,  and  for  this 
reason  we  are  laying  special  emphasis  on  this  type.  Possibly 
some  time  in  the  future  we  shall  abandon  the  other  type. 

Mr.  MacGahan:  I  admit  the  defects  in  the  bellows-type 
relays  pointed  out.  Accuracy  cannot  be  obtained  with  the  sole- 
noid type  of  bellows  relay,  due  largely  to  depreciation  of  the 
leather  in  the  bellows,  and  to  the  fact  that  this  type  depends 
for  its  time  action  upon  the  setting  of  a  needle  valve  and  the 
compression  of  the  air. 

The  tendency  in  relays  is  to  rely  upon  very  great  accuracy  in 
the  time  set,  more  than  in  attempting  to  get  accuracy  in  the  load 
set.  When  you  get  a  very  heavy  short-circuit  actuating  the  relay 
at  high  overload  it  is  much  more  important  to  have  the  timing 
predetermined  correctly  than  it  is  to  get  the  actual  critical  current- 


6o8 

trip  value  set  right.  For  these  reasons  we  have  come  to 
conclusion  that  further  development  cannot  be  expected  wiA 
lows-type  construction  while  the  induction  tyi>e  will  giv( 
required  accuracy. 

Actual  tests  show  that  the  time  element  can  be  co 
upon  to  be  correct  at  any  predetermined  overload,  within 
tenth  of  a  second  with  an  induction  relay.  The  resetting 
is  so  perfect  that  should  the  load  decrease  to  normal  at  i 
of  a  second  before  the  relay  contact  has  closed,  the  rela 
reset  without  closing  the  contact. 

The  Chairman  :    The  next  paper   will    be,    "The 
Developments  in  Distributing  Transformers,"  by  Mr.  E.  G. 
of  Pittsburgh. 


THE  LATEST  DEVELOPMENTS  IN  DISTRIB- 
UTING TRANSFORMERS 

INTRODUCTION 

The  most  irpportant  recent  improvements  in  distributing 
transformers  have  been  in  relation  to  the  materials  and  methods 
of  winding  and  insulating  the  coils.  This  has  resulted  in  higher 
factors  of  safety  between  the  actual  disruptive  strength  of  the 
insulation  and  the  commercial  tests  applied.  In  some  cases  the 
commercial  disruptive  tests  have  actually  been  increased  over 
those  formerly  used,  due  to  the  greater  insulation  strength 
secured,  and  the  qualities  of  ruggedness,  durability  and  safety 
in  operation  have  been  correspondingly  enhanced.  A  further 
resujt  of  these  improvements  has  been  to  increase  the  operating 
efficiency  of  the  transformers. 

The  first  part  of  this  paper  discusses  these  superior  insulat- 
ing materials  and  the  scientific  methods  used  in  their  application, 
particularly  to  the  standard  lines  of  2200-volt  distributing  trans- 
formers. A  cut  of  a  typical  transformer  of  this  class  is  shown 
in  Fig.  I.  The  second  part  of  the  paper  relates  to  the  improve- 
ments in  performance  which  these  materials  and  processes  have 
made  possible. 

THE    GENERAL   PROBLEM    OF    INSULATION 

The  insulation  of  a  transformer  consists  of  three  main  parts, 
as  follows: 

1  Between  turns  and  layers  of  the  winding 

2  Between  the  high  and  low-tension  windings 

3  Between  the  windings  and  metallic  parts  of  the  trans- 
former. 

Since  the  insulation  of  a  transformer  is  nq  stronger  than  its 
weakest  part,  its  various  elements  must  be  considered  in  their 
relation  to  each  other.  In  other  words,  the  factor  of  safety 
between  the  commercial  tests  applied  and  the  ultimate  strength 
of  the  various  parts  of  the  insulation  should  be  consistent. 

INSULATION   BETWEEN  TURNS 

The  amount  of  insulation  which  must  be  used  between  turns 
in  a  transformer  winding  is  determined  by  the  two  following 
11—20 
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with  a  solid  compound,  almost  ideal  conditions  for  a  transformer 
winding  are  obtained.  In  Fig.  3  is  shown  a  photograph  of  a  coil 
of  the  type  just  described.  The  winding  is  tied  together  by  the 
strips  of  cloth  at  the  corners,  which  lock  the  end  turns  of  each 
layer  in  place.  Similar  strips  of  cloth  are  used  on  the  four 
sides  of  the  coil,  each  of  which  locks  several  layers  together. 
In  order  to  keep  a  factor  of  safety  between  layers  commensurate 
with  that  between  turns,  the  normal  layer  stress  is  made  less  than 
100  volts.  With  a  minimum  ultimate  disruptive  strength  between 
layers  of  several  thousand  volts,  a  large  factor  of  safety  is 
thus  secured.  This  reduction  of  the  normal  stress  between 
layers^  secured  by  using  a  larger  number  of  coils  in  the  winding, 
has  permitted  the  commercial  over-potential  test  to  be  increased 
from  three  to  four  times  the  normal  operating  voltage.  This  test- 
ing stress  is  still  not  sufficient  to  approach  the  ultimate  disrup- 
tive strength  of  the  jnusulation, between  layers.  The  limiting 
value  of  the  over-pcJtential  test'  is  fixed  by  the  stresses- which 
are  developed  between  the  terminals  of  the  wipitfing  and  from 
the  -'.winding  tp  ground.  The  excessive  magnctiaing  currents 
which  the  ttansformer  will  take  on  such  over-pqtential  voltages 
is  another  limitation.  As  a  matter  of  fact,  an  over-potential  test 
of  four  times  must  be  applied  with  a  high-frequency  current  of 
something  like  500  cycles  per  second  to  avoid  prohibitive  mag- 
netizing currents. 

A  further  advantage  of  this  type  of  winding  is  the  fact 
that  the  separate  coils  can  be  inspected  before  finally  assembling 
into  the  complete  transformer.  Oil  circulation  is  provided 
on  each  side  .of  the  high-tension  winding  and  the  coil  is  thin 
enough  radially  so  that  the  temperature  gradient  between  the 
windings  and  the  oil  will  not  exceed  proper  values. 

INSULATION  BETWEEN  HIGH  AND  LOW-TENSION  WINDINGS 

The  insulation  between  the  high  and  low-tension  windings 
should  be  a  continuous  insulating  tube  of  high  dielectric  strength, 
which  will  take  up  a  relatively  small  amount  of  space  and  which 
will  maintain  its  dielectric  strength  after  long  periods  at  fairly 
high  temperatures.  Almost  ideal  tubes  to  meet  these  conditions 
are  shown  in  Fig.  4.  These  tubes  are  made  with  a  high  g^de 
of  mica  and  imported  Swedish  paper,  on  machines  specially  con- 
structed for  this  purpose.    This  formed  insulating  material  is 
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called  micarta — meaning  better  than  mica.  The  paper  reinfur;- 
ing  the  mica  imparts  to  the  finished  tube  the  mechanical  charactn- 
istics  which  the  plain  mica  lacks.  The  paper,  which  has  be«i 
previously  covered  by  a  bond  of  shellac  or  bakelite,  as  the  con- 
ditions may  demand,  is  wound  between  steel  rolls,  under  hat 
and  pressure,  on  a  steel  mandrel.  The  bond  is  melted  by  the 
heat  and  the  pressure  between  the  rolls  compresses  the  paper 
very  solidly  together.  Tluilt-up  mica  sheets  are  fed  between  th 
paper  as  it  is  wound  on  the  mandrel,  so  that  approximately  y- 
per  cent  of  the  solid  finished  tube  is  pure  mica.  In  other  words^ 
25  per  cent  of  the  total  finished  thickness  of  the  tube  is  wour/ 
on  the  mandrel  as  paper,  then  50  per  cent  of  the  thickness  is 
fed  in  as  mica  and  the  remaining  25  per  cent  of  paper  goes  oc 


Fig.  4— Ma  cm  ink- Form  ED  Insulating  Barriers 

the  outside.  By  this  method  of  manufacture  a  tube  of  maximum 
dielectric  strength  is  provided  for  a  given  thickness.  The  tube  is 
absolutely  solid  and  of  such  a  character  that  it  will  ring  like  mcial 
when  struck  a  sharp  blow.  The  mica  goes  into  the  tube  withou! 
wrinkles,  which  makes  a  unifcirm  tube,  without  flaws.  Tor  thuse 
coils  which  art-  wnund  directly  mi  the  tube,  the  pajier  part  ■'! 
the  barrier  on  each  part  of  the  mica  protects  iht;  mica  In.'ir 
mecbanica!  stresses.  This  method  of  making  these  important  bar- 
riers is  a  great  improvement  over  the  former  method  of  windinj; 
the  mica  sheets  between  the  coils  by  hand.  This  was  accnii!- 
plishcd  by  wrapping  by  hand  the  sheets  of  mica  on  top  of  one 
winding  when  it  was  on  the  mould  and  then  winding  another 
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possible  to  make  the  test  without  submerging  the  transfonncr 
in  oil.  Oil  submersion  is  used  when  the  transformers  are  opcnt- 
ing  in  service.  The  factor  of  safety  of  the  barriers  between  tin 
high  and  low-tension  windings  is  so  large  that  a  direct  punctnic 
during  tests  never  occurs.  The  barriers  have  a  disniptiit 
strength  of  approximately  75,000  volts.  This  value  is  detemuDed 
by  testing  the  barriers  when  separated  from  the  transfonntr 
windings.  It  is  necessary  to  submerge  the  barriers  under  oil  bx 
this  test,  as  in  air  the  discharge  will  usually  flash  around  the  edgti 
before  a  direct  puncture  occurs. 

INSULATION  FkOM   WINDINGS  TO   GROUND 

The  insulation  strength  of  the  high-tension  winding  dir« 
to  ground  must  he  as  strong  as  that  from  the  high-tension  t» 
the  low-tension  winding.  .  This  is  accomplished  by  using  a  miaiti 


channel  over  the  ends  of  the  high-tension  coils  where  they  pia 
under  the  iron.  These  channels  are  used  only  for  the  end  coil^ 
as  the  high-tension  winding  is  concentric  with  and  between  tin 
two  parts  of  the  low-tension  winding.  The  channels  are  stioini 
in  Fig.  7,  the  taping  having  been  partly  removed  from  the  cti 
so  as  to  expose  them.  One  of  the  channels  is  shown  apart  fron 
the  coil,  to  indicate  its  exact  shape  and  purpose.  In  addition  tc 
the  micarta  channels  on  the  ends  of  the  liigli-tv.'nsion  coils  it 
whole  assembled  group  of  high-tension  and  low-tension  coils,  £ 
protected  from  the  iron  of  the  magnetic  circuit  on  the  eods 
by  the  channels  shown  in  place  in  Fig.  8.  These  channels  in 
shown  separately  in  Fig.  9. 

The  failures  which  occur  during  test  are  always  bctnea 
ihc  high  and  low-tension  leads  outside  of  the  coil,  or  betweti 
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the  high  and  low-tension  leads  and  the  ground.  With  the  trans- 
former submerged  in  oil  the  disruptive  value  at  these  points  is 
something  like  30,000  volts,  varying  with  the  different  sizes  of 
transformers. 

The  insulation  from  the  inner  low-tension  winding  to  the 
ground  is  secured  by  the  use  of  a  machine-formed  tube,  made 
without  mica,  which  encloses  the  middle  leg  of  the  magnetic  cir- 
cuit. These  tubes  are  shown  in  Fig.  4.  The  former  method  of 
making  this  tube  was  to  wind  strips  of  paper  around  the  mould 
and  then  the  low-tension  coil  upon  this  hand-formed  tube.  With 
this  method  of  manufacture  it  was  difficult  to  avoid  wrinkles  and 
flaws. 

OIL  CIRCULATION  FOR  COOLING 

The  size  and  position  of  the  oil  ducts  through  the  windings 
of  a  transformer  have  an  important  bearing  on  the  merit  and 
economy  of  the  design.  Sufficient  oil-circulating  ducts  should 
be  provided  to  limit  the  temperature  gradient  between  the  wind- 
ings and  the  oil  to  approximately  10  degrees  centigrade.  This 
is  not  so  much  to  obtain  a  safe  temperature  in  the  windings  when 
operating  at  an  average  load,  as  to  obtain  a  safe  temperature 
on  heavy  loads.  Rather  extreme  overloads  for  short  periods  are 
normal  conditions  for  transformers  of  this  type.  The  fact  that 
the  temperature  gradient  on  overloads  increases  as  the  square  of 
the  load  indicates  the  importance  of  a  fairly  low  temperature 
gradient  at  normal  loads.  A  lower  temperature  gradient  than 
something  like  10  degrees  centigrade  usually  indicates  that  the 
materials  in  the  transformer  have  been  utilized  rather  inefficiently. 
In  this  case,  if  part  of  the  ducts  be  eliminated  and  the  space  be 
given  up  to  larger  conductors,  a  lower  copper  loss  results  without 
exceeding  safe  temperatures  at  overloads.  For  the  smaller  sizes 
of  transformers  sufficient  oil  circulation  can  be  secured  by  placii|g 
the  ducts  at  the  corners  of  the  coils  only.  Such  ducts  are 
shown  in  Fig.  5,  and  are  efficient  for  the  following  reasons :  The 
size  of  the  ducts  which  can  thus  be  obtained  is  large  enough  to 
circulate  sufficient  oil  to  cool  the  windings,  and  ducts 
in  the  sides  of  the  winding  are  not  as  effective  as  those  placed 
at  the  corners.  The  return  parts  of  the  magnetic  circuit  inter- 
fere with  the  free  circulation  of  the  oil  through  all  but  the 
corner  ducts,  and  thus  reduce  their  efficiency.    The  use  of  ducts 
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formers  which  require  quite  extensive  oil  circulation,  the  follow- 
ing arrangement  of  ducts  is  used  and  gives  very  good  results. 
The  smaller  magnetic  circuits  on  the  ends  of  the  coils  contain 
only  25  per  cent  of  the  total  weight  of  iron  in  the  transformer. 
Therefore,  comparatively  large  ducts  can  be  provided  in  the  parts 
of  the  coil  embraced  by  these  circuits  and  better  cooling  effect 
secured  than  with  the  same  volume  of  duct  extending  uniformly 
around  the  winding. 

These  matters  have  been  discussed  not  entirely  because  of 
their  intrinsic  value,  but  partly  to  show  the  care  with  which  the 
details  of  the  whole  matter  of  design  and  proportion  are  con- 
sidered for  the  best  types  of  distributing  transformers. 

IMPROVEMENTS  IN  EFFICIENCY 

The  reduction  in  losses  which  has  been  made  in  2200-volt 
distributing  transformers  is  shown  in  the  following  table  (page 
622).  While  the  actual  reduction  is  not  large,  either  in  wattage  or 
as  a  percentage,  it  must  be  remembered  that  the  losses  were  al- 
ready very  low.  The  relation  between  the  losses  of  a  transformer 
and  the  amount  of  material  used  is  such  that  a  reduction  in  the 
loss  requires  a  relatively  larger  increase  in  the  weight  of  iron 
and  copper,  other  things  being  equal. 

SUMMARY 

The  important  points  brought  out  in  this  paper  are  the  facts 
that  improved  methods  of  winding  and  insulating  have  resulted 
in  better  space  factors  in  the  winding,  thereby  permitting  more 
copper  to  be  put  into  a  given  space.  This  has  given  lower  iron 
and  copper  losses,  and  at  the  same  time  the  insulation  has  been 
improved.  The  improved  insulation  has,  in  turn,  permitted  an 
increase  in  the  values  of  the  commercial  tests  used.  It  also 
results  in  increased  reliability  and  makes  for  long  life  and  low 
depreciation  of  the  transformers.  These  improvements,  in  the 
main,  resulted  from  the  guttered  winding  going  with  the  machine 
type  of  coil,  the  use  of  improved  machine-formed  insulating  bar- 
riers, and  the  arrangement  of  the  oil-circulating  ducts. 
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Further  improvements  are  more  likely  10  relate  to  the  mag- 
netic circuit  than  to  the  current-carr>-ing  circuit.  The  most  prob- 
atile  improvement  in  the  magnetic  circuit  lies  in  reducing  the  loss 
in  the  iron.  This  must  be  accompanied  by  an  improvement  in 
its  permeability  so  that  the  reduction  in  loss  could  be  utilized  most 
economically.  Such  a  reduction  of  loss  would  mean  an  increase 
of  the  magnetic  density.  This  is  at  present  impracticable,  due  to 
the  rather  low  permeability-  of  the  iron  and  the  increased  slope  of 
the  magnetization  cur\'e  at  high  densities.  The  influence  of  the 
gaps  in  the  magnetic  circuit  on  the  magnetizing  current  of  the 
transformer  is  a  constant  quantity  and  a  fairly  small  one.  By 
the  proper  location  of  the  gaps  in  the  iron  and  the  proportioning 
of  their  area  relative  to  the  other  parts  of  the  magnetic  circuit. 
the  effect  of  the  gaps  on  the  magnetizing  current  of  the  trans- 
former can  be  reduced  to  a  fairly  small  percentage. 

DISCUSSION. 

Mr.  a.  D.  Fishel,  Pittsburgh,  Pa.:  I  think  an  important 
feature  of  this  paper  is  the  showing  of  care  used  in  the  selection 
of  materials  and  in  the  methods  of  construction  and  manufacture, 
all  of  which  affect  the  life  of  such  a  transformer.  We  consider 
the  transformer  described  in  the  paper  as  one  of  relatively  good 
electrical  performance,  so  that  there  should  be  no  necessit}' 
to  discard  it  for  one  of  better  efficiency  for  10,  20  or  30  years, 
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unless  it  should  fail  in  service,  or  the  insulation  deteriorate  with 
time.  We  have  given  especial  attention,  as  I  have  said,  to 
methods  of  construction  and  the  use  of  such  materials  as  will 
ensure  long  average  life,  a  characteristic  that  will,  no  doubt,  be 
considered  in  connection  with  a  great  deal  of  other  electrical 
apparatus  in  the  near  future. 

The  Chairman  :  The  next  paper.  Telephonic  Communica- 
tion The  Means  of  Control  for  Central  Stations,  has  been  pre- 
pared by  Mr.  Angus  S.  Hibbard,  of  the  American  Telephone  and 
Telegraph  Co.,  New  York  City.  Mr.  Hibbard  is  unable  to  be 
here,  and  the  paper  will  be  presented  by  Mr.  W.  R.  Abbott,  of 
Chicago. 

Mr.  W.  R.  Abbott,  Chicago:  Mr.  Chairman  and  Gentlemen: 
Mr.  Hibbard  is  unavoidably  kept  in  New  York  by  some  illness 
in  his  family  and  has  asked  me  to  come  over  here  to  present 
this  matter  and  discuss  it  with  you.  He  has  prepared  a  very 
interesting  paper  showing  the  value  of  telephonic  control  for 
central-station  operation,  and  I  will  read  parts  of  it.  « 


TELEPHONIC   COMMUNICATION  THE  MEAKS 
OF  CONTROL  FOR  CENTRAL  STATIONS 

Where  one  brain  and  one  pair  of  hands  best  fitted  to  any  task 
may  be  put  in  control  of  all  its  elements,  we  may  look  for  the 
most  highly  finished  product  In  science,  in  the  arts,  in  litentnit 
or  invention,  the  best  things  have  nearly  always  been  those  accom- 
plished by  some  one  individual.  Such  personal  accomplishments 
may  represent  an  ideal  in  quality,  but  this  ideal  cannot  well  applj 
in  quantitative  undertakings  involving  a  large  number  of  peopk 
or  elements,  and  the  man  who  thinks  he  knows  it  all  and  tries  to 
do  it  all  is  rarely  successful  or  popular  in  matters  of  any  con- 
siderable size.  Organized  effort,  however,  shows  its  appreco- 
tion  of  the  personal  ideal  by  endeavoring  to  set  up  conditioos 
whereby  some  one  master  mind  at  the  top  may  give  out  the  pin 
and  policy  to  be  pursued,  and,  through  established  channels, 
direct  the  efforts  of  all  concerned.  The  same  thing  is  true  down 
the  line  where  heads  of  departments  and  sub-departments,  aO 
interrelated,  direct  personally  those  things  for  which  they  are 
accountable. 

It  has  been  said  that  a  business  is  at  its  very  best  when 
its  purposes  are  best  accomplished  and  the  management  has  Vk 
least  to  do.  Some  one  put  it  more  tersely,  saying :  "If  the  bosses 
can  ever  truly  say  that  they  have  nothing  to  do,  it  will  be  time  to 
raise  their  salaries."  Such  statements,  however,  must  be  accom- 
panied by  equally  convincing  statements  of  conditions  as  they  ac- 
tually exist,  and  to  state  fully  the  condition  of  any  business,  there 
must  be  available  full  knowledge  of  just  what  is  going  on.  In 
many  businesses,  information  relating  to  existing  conditions  may 
be  gathered  more  or  less  at  leisure  or  as  may  best  suit  those  wlw 
are  in  charge.  A  store  may  be  closed  to  take  inventory,  or  a 
factory  shut  down  for  some  general  overhauling.  Both  may 
control  their  methods  and  quantity  of  output,  while  the  public, 
broadly  speaking,  is  not  affected.  Not  so  are  the  public  service 
businesses,  the  railways  and  carriers  of  all  kinds,  the  water,  gas, 
electric  light  and  power  companies,  the  telegraph  or  telephone 
companies,  all  of  which  must  render  service,  not  when  and  as 
they  choose,  but  when,  and,  to  a  controlling  extent,  as  their  ais- 
tomers,  the  public,  may  choose. 
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Railways  must  provide  trains  at  such  times  as  people  wish 
to  travel — they  cannot  make  them  travel  at  times  most  efficient 
from  the  point  of  view  of  railway  operations.  Electric  light, 
power  and  gas  companies,  telephone  and  telegraph  companies 
must  provide  facilities  to  fit  a  load  line,  which  is  estabUshed  by 
the  public  and  is  something  over  which  the  companies,  themselves, 
have  no  control. 

In  the  public  service  business,  we  have,  therefore,  conditions 
constantly  changing  because  of  demands  which  are  practically 
uncontrollable,  requiring  not  only  the  best  kind  of  organization 
and  management  to  insure  success,  but  the  best  and  most  com- 
prehensive means  of  knowing  just  what  is  going  on,  not  from  day 
to  day,  but  constantly  from  minute  to  minute,  during  what  may 
be  called  a  continuous  performance ;  and  there  can  be  no  closing 
down  for  inventory,  or  repairs,  or  anything  else.  The  wheels 
must  continue  to  go  round,  and  the  public,  without  previous  notice, 
determines  just  how  fast  they  shall  go.  Under  these  inevitable 
circumstances,  it  may  be  said  that  the  best  service  is  rendered 
by  those  who  keep  in  the  closest  and  most  necessary  touch  with 
the  fluctuating  conditions  of  this  public  demand,  and  in  turn, 
have  the  best  and  most  immediate  control  of  the  means  of  meet- 
ing it,  so  that,  as  nearly  as  possible,  some  one  officer  in  charge 
may  observe  and  direct  operations. 

All  utilities  are  expected  to  be  so  designed  that  they  may 
provide  for  average  maximum  demands  for  service.  Probably 
no  utility  could  be  either  well  or  profitably  managed  if  designed  to 
provide  for  the  extreme  possibilities  of  service.  No  railway,  for 
example,  could  suddenly  carry  all  the  inhabitants  of  a  large  city 
at  one  time,  or  even  in  one  day.  In  no  telephone  exchange  could 
all  of  the  subscribers  talk  at  one  time.  Indeed,  it  has  been  said 
that  if  all  telephone  subscribers  should  call  at  once,  everybody 
would  get  nobody,  and  nobody  would  get  anybody.  The  average 
maximum  demand,  therefore,  is  studied  and  provided  for;  but 
even  in  this,  not  all  utilities  are  affected  alike  in  case  of  overload. 
In  railway  or  street-car  service,  sudden  emergencies  are  met  by 
carrying  as  many  passengers  as  possible,  but  the  demands  of  those 
who  are  not  carried  may  not  seriously  interfere  with  the  success- 
ful transportation  of  those  who  are  provided  for.  Sudden  de- 
mands for  gas  are  supplied  from  the  storage  reservoirs  of  gas 
companies,  and,  if  not  too  long  continued,  may  not  interfere  with 


626 

the  general  service.  Sudden  demands  lor  telephone  service,  al- 
though complicated  by  the  fact  that  two  patrons  instead  of  one 
enter  into  the  problem  of  handling  each  telephone  call,  may  be 
taken  care  of  to  the  full  limits  of  the  system. 

In  electric  light  and  power  service  the  problem  seems  to  be 
quite  different,  because  in  case  of  excessive  overload  the  entiit 
service  is  affected.     In  large  communities  it  is  the  practise  © 
provide  a  considerable  margin  of  supply  over  and  above  the  ava- 
age  maximum  demand  which  may  be  reasonably  anticipated,  bet 
in  such  a  case  if  this  maximum  demand  suddenly  doubled,  the 
system  would  break  down  and  no  service  could  be  rendered  to 
any  patron.     Moreover,  electric  light  service  seems  to  be  subjea 
to,  perhaps,  more  sudden  demands  than  other  services.     The  load 
line  running  between  minimum  and  maximum  averages  is,  under 
normal  conditions,  fairly  regular,  but  changing^  conditions  bring 
about  sudden  and  violent  variations.     A  sudden  storm,  bringing 
about  a  temporary  condition  of  partial  darkness,  may  in  ten  min- 
utes increase  the  lighting  load  loo  per  cent,  requiring  the  services 
of  additional  boilers,  engines,  dynamos,    storage   batteries,  and 
all  the  sources  of  output,  as  well  as  a  rearrangement  of  the  facili- 
ties of  distribution. 

It  is  not  surprising  to  find,  therefore,  that  electric  light  ami 
power  companies,  realizing  these  conditions,  stand  in  the  lead  in 
providing  unusual  facilities  for  intercommunication  and  central- 
ization of  control,  and,  by  extensive  and  well-engineered  system? 
of  telephones  and  supplementary  appliances,  have  installed  most 
efficient  and  up-to-date  means  of  knowing  just  what  is  going  on 
and  for  directing  their  service. 

The  time  seems  to  have  gone  by  when,  even  in  small  light 
and  power  installations,  the  management  is  satisfied  to  start  up 
the  machines  and  let  them  run  along  without  regard  to  rate  ot 
use  or  volume  of  output.  With  the  growth  of  these  plants  and 
the  consequent  need  of  greater  efficiencies  and  economies,  it  has 
been  necessary  to  secure  more  immediate  and  extended  knowledge 
of  operating  conditions  and  a  more  centralized  control,  and  these 
results  have  been  obtained  in  the  greatest  degree  where  the  best 
means  of  communication  between  all  elements  of  the  business  have 
been  supplied.  An  outline  of  what  has  been  done  by  the  light- 
ing and  power  companies  in  a  few  of  the  larger  cities  will  iUtis- 
trate  present  conditions,  showing  the  endeavor  to  centralize  the 
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control  of  their  great  systems  so  that  one  brain  and  as  nearly  as 
possible  one  pair  of  hands,  may  best  direct  operations.  As  the 
relative  capacities  of  the  various  plants  are  well  known,  they 
need  not  be  referred  to  in  detail. 

Jn  the  City  of  New  York,  the  two  waterside  plants  of  the 
New  York  Edison  Co.  constitute  the  producing  center,  at  which 
an  officer  called  the  "System  Operator"  directs  the  operations  of 
the  entire  system.  It  is  his  duty  to  keep  in  service  at  all  times 
sufficient  generating,  transmission  and  transforming  apparatus 
and  to  take  care  of  any  demand  on  the  system,  and  no  apparatus 
is  put  in  or  taken  out  of  service  except  by  his  direction.  He  is 
provided  with  a  telephone  switchboard,  from  which  lines  run 
to  42  substations,  also,  trunk  lines  to  the  city  exchange.  The 
switchboard  is  ordinarily  used  by  two  operators  (the  equipment 
being  in  duplicate  throughout),  but  is  so  arranged  that  during 
emergencies  six  operators  are  afforded  facilities  without  inter- 
ference. To  this  switchboard  there  are  duplicate  battery  and 
signalling  leads  from  two  separate  telephone  exchanges.  The 
building  wiring  is  divided  and  led  through  separate  building  con- 
duits to  provide  against  local  interruptions,  and  all  of  the  substa- 
tions are  equipped  not  only  with  direct  trunk  lines  from  this  oper- 
ating center,  but  from  the  city  exchanges,  and  the  wires  are  led  in 
through  separate  cables,  and,  where  possible,  from  different 
streets,  to  avoid  interruption  from  fire  or  other  causes. 

From  this  operating  switchboard  pneumatic  tubes  extend  to 
the  telephone  switchboards  at  each  of  the  Waterside  Stations,  and 
through  these  tubes  all  routine  instructions  of  the  System  Oper- 
ator at  the  switchboard  are  sent  in  writing,  confirming  telephone 
instructions. 

Directly  in  front  of  this  board  and  in  full  view  of  the  System 
Operator  is  being  installed  the  so-called  "pilot  board,"  designed 
to  show  automatically  the  operating  conditions  of  the  entire  plant. 
At  each  end  of  this  board,  boiler  and  current  recorders  show  the 
existing  output  of  boilers  and  generators  for  the  two  stations. 
On  the  face  of  the  board  the  districts  of  each  of  the  substations 
are  subdivided  into  small  panels,  indicating  the  oil-switches  by 
numbers  given  to  the  feeder  leads.  The  conditions  throughout 
this  distributing  system  are  shown  by  small  electric  lamps.  A 
red  lamp  lighted  shows  that  a  switch  is  closed,  a  green  lamp 
ligfhted  shows  that  a  switch  is  open,  and  these  lamps  are  controlled 
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automatically  by  the  switches  themselves.  At  each  end  of  this  pita 
board  the  instruments  which  indicate  at  all  times  the  total  load  I  i 
carried  by  each  station  show  how  the  load  is  divided  as  betweec 
2S-cycle  and  6o-cycle  systems,  the  voltage  and  frequency  of  eacL 
system,  and  the  current,  if  any,  which  is  flowing  from  one  statita 
to  another.     In  any  emergency,  therefore,  by  a  glance  at  these 
instruments  and  the  pilot  board,  the  System  Operator  is  as  con- 
versant with  the  conditions  at  each  station  as  though  he  were 
standing  before  all  of  the  switchboards  at  the  same  time.     Const- 
quently  he  is  instantly  in  a  position  to  direct  by  telephone  the  r^ 
sumption  of  normal  conditions  without  the  delay  heretofore  nec- 
essary awaiting  reports  from  switchboard  operators  as  to  their 
conditions,  these  conditions  now  being  displayed   automatically 
before  him. 

Previous  to  the  use  of  the  pilot  board,  the  System  Operator 
received  all  reports  of  outside  conditions  by  telephone,  and  indi- 
cated operating  conditions  throughout  the  city  by  the  use  of  col- 
ored tags,  suitably  numbered,  and  placed  upon  a  large  operating 
board  representing  the  distributing  system.  I 

To  still  further  safeguard  the  service  during  emergencies,  I 
the  New  York  Company  has  installed  a  signalling  system  con- 
sisting of  standard  fire-alarm  apparatus  comprising  circuits  reach- 
ing substations,  so  arranged  that  the  System  Operator  may  send 
signals  over  all  or  any  combination  of  the  circuits  at  one  tinie, 
such  signals  being  recorded  on  paper  tape  and  time  stamped. 
For  each  signal  there  is  provided  a  small  brass  wheel  with  notches 
corresponding  to  the  signal  number  cut  into  its  periphery.  The 
signal  numbers  represent  a  predetermined  code  of  instructions  for 
this  emergency  service.  For  example,  '*2  2,  trouble  at  Waterside; 
2  4,  system  grounded,  look  over  your  apparatus  and  promptly 
report  conditions  to  System  Operator;  4  7,  conditions  normal; 
6  6  (time  signal).  Correct  time  is  12  o'clock  noon."  Tliis 
latter  is  used  as  a  daily  signal  to  test  out  the  system,  which,  as 
indicated,  is  designed  to  care  for  unusual  emergencies. 

Adjacent  to  this  signalling  system  is  the  city  fire-alarm  sig- 
nalling apparatus,  by  means  of  which  all  alarms  turned  in  oq 
Manhattan  Island  are  received  by  the  System  Operator.  This 
apparatus  was  installed  in  connection  with  the  city  high-pressure 
ptimping  stations,  current  for  which  is  supplied  direct  from  the 
Waterside  Plants.    As  these  high-pressure  stations  use  current 
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only  when  there  is  a  fire>  the  System  Operator,  by  receiving  all 
fire  alarms,  knows  just  when  the  pumping  motors  may  be  ex- 
pected to  start,  and  is  kept  in  touch  with  the  situation  during 
the  progress  of  any  fire. 

Located  at  the  side  of  the  switchboard  are  boiler  signalling 
switches,  by  means  of  which  the  System  Operator  signals  to  the 
boiler  rooms  the  number  of  boilers  required  to  carry  the  load. 
All  routine  communications  between  switchboards  and  the  tur- 
bine rooms  are  carried  on  by  means  of  lamp  signals,  and  attention 
is  called  to  them  by  means  of  electrically  operated  steam  whistles. 
As  weather  conditions  affect  to  a  very  large  extent  the  demand 
on  the  stations,  an  outlook  is  stationed  on  the  roof  of  the  Water- 
side Building  every  day  in  the  year  except  Sundays,  with  a  direct 
telephone  line  to  the  System  Operator,  to  report  any  unfavorable 
weather  conditions. 

During  the  winter  months,  the  load  of  the  Waterside  Stations 
increases  from  4  to  5  o'clock  in  the  afternoon  about  90,000  kw., 
or  at  the  rate  of  1500  kw.  per  minute,  and  during  thunderstorms 
in  summer  it  may  increase  50,000  or  60,000  kw.  in  from  five  to 
ten  minutes,  or  at  the  rate  of  5000  to  12,000  kw.  per  minute.  To 
take  care  of  these  peak  loads,  reserve  boilers  are  carried  under 
steam  during  the  entire  year. 

When  there  are  indications  of  a  storm,  the  boiler  rooms  are 
signalled  for  the  reserve  boilers  and  additional  turbines  are 
started,  connected  to  the  bus-bars.  During  the  approach  of  the 
storm,  steam  is  shut  off  from  these  turbines  and  they  are  run 
as  motors,  in  this  way  being  available  to  take  their  share  of  the 
demand  in  about  ten  seconds.  With  the  coming  of  partial  dark- 
ness, the  load  advances  so  rapidly  that  it  is  practically  impossible 
to  so  control  the  substations  as  to  keep  the  load  divided  between 
the  Waterside  Stations  as  apportioned,  and  during  such  periods 
the  flexibility  of  the  system,  due  to  the  parallel  operation  of  the 
two  stations,  is  apparent,  excessive  loads  of  one  station  being 
relieved  by  the  other.  At  times,  from  10,000  to  20,000  kw.  may 
be  going  from  one  station  to  another  in  one  minute,  and  a  few 
minutes  later  this  condition  may  be  entirely  reversed.  Success- 
ful operations  under  these  extreme  conditions  is  evidently  made 
possible  by  the  centralization  of  control  which  has  been  de- 
scribed, and  this  in  turn  is  made  possible  by  the  systems  of  inter- 
communication which  bring  to  the  one  official  in  charge  knowledge 
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of  what  is  going  on  and  furnish  the  means  of  carrying  out  dl^ts^i^^ 
possible  directions.  1*^^  '". 

In  the  switch-rooms  of  each  of  the  waterside  plants  thertB-*^' 
are  installed  telephone  switchboards,  with  lines  extending  to  tel  ,   vv 
board  of  the  System  Operator,  the  turbine-room,  the  exdWM  ^ 
switchboard  and  the  company's  Operating  Department  '^^^IL^s 
exchange.     There  is  also  an  intercommimicating  telephone  sy* 
tem  with  from  20  to  30  stations,  located  in  various  parts  of  *>* 
switchboard  galleries.     In  each  of  the  Waterside  Stations,  t^* 
autographs  are  also  used  between  the  high-tension  switchboa^^ 
and  the  exciter  switchboard,  so  that  instructions  may  be  record^** 
Here,  again,  we  find  that  one  directing  head  in  each  power 
tion  may  control  by  telephone  all  parts  of  his  plant  as 
by  the  System  Operator,  the  endeavor  being  to  provide  a 
pletely  centralized  system  of  information  and  control.    In 
substations,  telephone  switchboards   are  located,   connected 
trunk  lines  with  the  switchboards  of  the  System  Operator, 
Plant  and   Service   Departments,  the   General   Offices  and 
Telephone  Exchange. 

For  the  plant  and  service  operations  of  the  company,  a  4i 
sition  switchboard  is  installed  in  the  Supply  Department,  Fort3^ 
first  Street,  with  26  trunk  lines  connecting  with  telephone 
change,  and  116  extensions  and  trunk  lines  reaching  the  gcnci 
offices,  the  district  headquarters,  branch  stations,  contract  officc^^ 
etc.,  there  being  11  trunk  lines  to  the  general  offices,  5  to  th^ 
Second  District,  2  to  the  Third,  etc.     None  of  these  trunk  line? 
or  extensions  are  listed  in  the  telephone  directories,  and  it  is  not 
expected  that  the  public,  through  the  general  telephone  system, 
will  at  any  time  be  brought  into  communication  with  the  com- 
pany through  this  system,  which  is  provided  for  the  exclusive 
use  of  the  company's  employees,  upon  its  business  between  vari- 
ous offices  and  branches  throughout  the  city,  and  for  these  pur- 
poses is  carrying  a  traffic  of  about  5000  calls  per  day  at  the  pres- 
ent time. 

A  special  telephone  directory  is  printed  by  the  company  giv- 
ing locations  and  telephone  numbers  of  offices  and  stations,  and 
names  and  numbers  of  officials  and  departments,  both  for  regu- 
lar service,  and  for  night,  Sunday  and  holiday  calls,  the  resi- 
dence telephones  being  used  to  call  out  the  forces  at  such  times. 

In  Chicago,  the  Commonwealth  Edison  Co.,  in  addition  to  i 
i2-position  switchboard  operated  as  a  main  exchange  and  con- 
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aected  with  all  operating  plants  and  branches  of  the  company,  has 
__  what  is  termed  a  Load  Dispatcher's  Board,  with  outside  trunk 
^* lines  and  80  terminals  or  extensions  used  for  operating  purposes, 
^  which  gives  the  Load  Dispatcher's  office  direct  communication 
"^^  with  all  the  power  plants  and  distributing  centers.    Each  of  the  large 
*^  generating  stations  is  provided  with  a  switchboard  with  outside 
^  trunks  and  connecting  trunks  to  the  company's  main  switchboard, 
*'*  and  terminal  stations  throughout  the  plant.     In  addition,  each  of 
^  the  generating  stations  is  provided  with  an  intercommunicating 
•   telephone  system  reaching  ten  different  points.     The  Load  Dis- 
patcher's  switchboard  of   four  positions  is  independent  of  the 
company's  main  switchboard,  and  as  nearly  as  possible,  wires 
to  these  boards  and  all  others  in  substations  or  generating  plants 
are  conducted  over  separate  routes  to  avoid  interruption  of  serv- 
ice.    These  telephone  facilities  are  supplemented  by  appliances 
indicating  automatically  at  each  station  the  output  of  the  other 
stations,  making  possible,  to  a  certain  extent,  the  operation  of 
different  stations  according  to  predetermined  schedules. 

In  Boston  the  lighting  and  power  system  is  controlled  and 
centralized  by  means  of  a  principal  supervisory  telephone  ex- 
change, with  five  tie-lines  to  the  company's  main  exchange,  two 
trunk  lines  to  the  South  Exchange  and  42  circuits  to  outside 
power  plants.  The  company's  principal  exchange  is  a  six-posi- 
tion switchboard,  with  36  trunk  lines  and  193  stations,  and  in 
addition  a  special  supervisory  switchboard  in  the  Commercial 
Department — an  elaborate  system  for  reaching  customers  and 
the  general  public. 

In  Philadelphia,  Pittsburgh,  Cincinnati,  St.  Louis  and  other 
cities,  the  lighting  and  power  companies  are  utilizing  telephone 
service  in  a  like  manner  for  centralizing  information  and  control- 
ling operations. 

These  telephone  installations  and  the  elaborate  supplemen- 
tary systems  installed  in  a  few  of  the  larger  cities  certainly  indi- 
cate the  value  of  such  service,  and  show  particularly  the  advan- 
tage of  separating  from  the  service  essential  to  the  company's 
own  operations,  within  itself,  the  public  telephone  service  con- 
nected with  customers  and  the  general  telephone  exchange.  The 
introduction  of  such  special  and  separated  service  and  its  success- 
ful use  over  a  considerable  period  seem  to  show  that  it  is  well 
worth  while. 
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From  the  very  nature  of  electric  light  service,  it  is  essenty{ 
that  there  should  be  means  for  the  quickest  kind  of  conimunici-{ 
tion  between  the  company  and  its  customers,  and  the  tekphoKi 
is  naturally  used  for  that  purpose.  Here,  again,  it  is  inteiestn^ 
to  find  that  the  companies  in  many  cities  have  specialized  ontk 
telephone  and  developed  methods  which  not  only  increase  tbe 
efficiency  of  their  own  service  but  which,  to  some  extent,  have 
been  followed  by  other  corporations,  and  might  well  be  foUoved 
by  all  telephone  users. 

We  find,  in  Chicago,  in  the  offices  of  the  Commonwealdi 
Edison  Co.  a  main  private  branch  exchange  of  12  operating  posi- 
tions, with  100  trunk  lines  and  connecting  trunks,  and  475  teraii 
nals  and  extension  telephones.  Traffic  reports  show  that  about 
17,000  messages  are  handled  daily,  or  upwards  of  5,000,000  calls 
each  year.  In  connection  with  this  main  switchboard,  there  arc 
two  subsidiary  boards  in  the  Testing  and  Contract  Departments, 
and  also  about  30  so-called  key  cabinets,  or  intercommunicating 
switches  of  from  2  to  lo-line  capacity,  each  used  in  lieu  of  a 
subsidiary  switchboard,  the  principal  installations  being  in  Repair 
and  Renewal  Departments  where  a  great  many  customers'  calls 
are  received  by  clerks  trained  for  this  purpose. 

In  the  plans  being  made  for  the  removal  to  another  build- 
ing of  the  general  offices  of  the  Commonwealth  Co.  in  1914,  a 
3()-position  telephone  switchboard  is  provided  for.  In  the 
commercial  work  of  the  company,  telephones  are  provided  for 
solicitors,  the  lines  of  which  are  connected  to  a  monitor  switch 
board,  so  that,  in  the  absence  of  a  particular  solicitor,  the  monitor 
board  operator  may  answer  calls,  insuring  prompt  attention  tc 
the  customer.  Applications  for  electric  service  are  accepted  by 
telephone  as  a  part  of  the  regular  commercial  work.  Durinj: 
1912,  13,609  such  applications  were  recorded,  together  with  about 
5500  orders  regarding  meter  service.  During  the  last  five 
months  of  1912,  there  were  8149  telephone  inquiries  regarding' 
service  and  12,672  requests  for  solicitors  to  call. 

The  above  figures  indicate  the  growing  relations  between  the 
public  and  the  company  with  regard  to  contracts  for  new  serr- 
ice,  as  well  as  existing  relations  carried  on  by  means  of  the  tcfc- 
phone. 

The  Common  wealth  Co.  was,  perhaps,  one  of  the  first  to  ex- 
tend its  telephone  facilities  largely  into  this  public  relation.    The 
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second  edition  of  its  book  of  instructions,  entitled  "About  Tele- 
phones,"  is  dated  November,  191 1,  and  states  that  "The  tele- 
phone, which  was  a  relatively  unimportant  adjunct  to  our  business 
16  years  ago,  is  now  the  principal  medium  of  communication 
with  our  customers.      .  .      For  this  reason,  it  is  a  mat- 

ter of  the  most  vital  importance  that  our  telephone  service,  which 
we  aim  to  make  the  best  in  the  city,  should  be  characterized  by 
unfailing  promptness,  courtesy  and  accuracy."  There  follow 
brief  instructions  relating  to  promptness  in  answering  calls,  how 
to  answer  them,  and  inviting  an  avoidance  of  the  word  "hello." 
These,  and  various  other  points  are  further  elaborated  in  the 
"Employees'  Hand  Book"  of  the  Commonwealth  Co.,  and  the 
company's  idea  of  the  A  B  C  of  telephoning  has  been  particu- 
larly indicated  by  an  attachment  to  each  telephone  transmitter, 
to  which,  I  feel  sure,  no  telephone  company  will  object,  and  upon 
which  is  printed,  in  large  letters,  the  words,  "accuracy,  brev- 
ity, COURTESY." 

The  New  York  Edison  Co.  has  also  provided  comprehen- 
sively for  communication  from  and  with  the  public,  having  installed 
in  its  general  offices  a  private  branch  exchange  with  51  trunk 
lines  and  267  telephone  instruments.  There  are,  in  addition, 
19  private  branch  exchanges  in  various  offices  of  the  company 
throughout  the  city,  having  79  trunk  lines  and  378  telephones. 
The  full  telephone  equipment  of  the  New  York  Co.  at  the 
present  time  is  24  branch  exchanges,  750  telephone  extensions, 
161  trunk  lines,  66  tie  lines,  connecting  various  switchboards  of 
the  company,  446  miles  of  telephone  circuits,  25  direct  exchange 
lines,  and  a  traffic  running  about  20,000  calls  per  day. 

The  191 1  edition  of  the  company^s  pamphlet  concerning  tele- 
phone service  states :  "A  large  part  of  our  business  is  now  trans- 
acted over  the  telephone.  The  public  deals  with  us  by  telephone 
— we  deal  with  ourselves  by  telephone.  The  telephone  is  the 
chief  means  of  communication  between  our  many  departments 
and  employees  scattered  over  the  city.  Our  commodity,  elec- 
tric current,  is  distributed  by  a  system  that  resembles  train  dis- 
patching, done  over  a  special  telephone  system.  Now,  as  the 
telephone  is  so  very  important  to  us,  and  becoming  more  so  each 
year,  we  want  to  develop  it  as  actively  and  intelligently  as  any 
other  department  of  the  Edison  Service." 


634 

Several  pages  of  interesting  and  valuable  suggestions  i 
regard  to  the  use  of  telephones  follow  this  introduction.  Ont 
interesting  rule  is  to  the  effect  that  no  patron  who  is  answered 
by  a  representative  of  the  company  shall  be  **switched,"  even  ilk 
has  been  connected  with  the  wrong  department,  the  rule  bdng 
that  the  call  will  be  attended  tp  as  far  as  possible  and  completdi 
taken  care  of  by  the  person  who  answers,  without  switdiing 
from  one  department  to  another. 

It  would  probably  be  just  as  difficult  to  find  an  electric  light 
or  power  company  without  a  telephone  as  to  find  a  telephone 
exchange  without  electric  light  where  it  is  possible  to  gel  it 
This  reciprocity  may  also  be  stated  in  terms  of  bills  paid  for 
service,  and  in  this,  the  two  cities  of  New  York  and  Chicago 
will  be  found  to  be  fairly  representative  of  the  entire  country 
For  the  year  1912,  the  amount  paid  to  the  New  York  Edison 
Co.  and  the  Commonwealth  Edison  Co.  for  service  was  $162321. 
The  amount  paid  by  these  companies  for  telephone  service  was 
$107,320. 

The  classes  of  customers  of  the  two  interests  are  very  mndi 
alike,  and  the  distributing  plants  for  both  services  cover  very 
nearly  the  same  areas.  It  is  natural,  therefore,  that  the  rela- 
tions between  the  two  interests  should  each  year  become  ^^ 
ciprocal  to  an  increasing  extent.  Joint  pole  lines  for  the  distribu- 
tion of  wires  have  come  into  more  general  use.  Constnicticn 
details  for  necessary  crossings  and  for  paralleling-  routes  arc 
now  generally  matters  of  agreement  between  engineers.  Tele 
phone  companies  are  relying  on  your  services  increasingly  each 
year  for  power  and  light,  finding  with  the  grow^ing  stability  of 
the  plants  less  of  a  requirement  for  duplication  in  the  way  of 
local  installations. 

For  both  services,  lighting  and  telephone,  so  closely  related 
and  inter-dependent,  I  think  it  may  be  said  that  the  officers  in 
charge  are  endeavoring  in  the  conduct  of  the  business  to  serve  the 
public  efficiently  in  the  spirit  that  they  and  all  employees  are  direct- 
ly accountable  to  the  communities  in  which  they  operate  for  good 
and  dependable  results.  The  appreciation  of  these  conditions 
by  the  public  is  indicated  in  the  continued  growth  of  the  busi- 
ness. Both  interests  have  been  constant  in  the  endeavor  to  in- 
crease the  efficiencies  of  plant  and  organization,  and  have  made 
this  possible  by  highly  developed  systems  of  communication,  as 
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constant  means  of  knowing  what  is  going  on  and  for  the  con- 
'trol  of  the  services  rendered. 

^'  Some  one  at  some  point  put  forth  the  undisputed  maxim 

^^"Knowledge  is  power."     In  connection  with  the  value  to  your 

^business  of  this  knowledge  of  what  is  going  on,  which  I  have 

*^endeavored  to  demonstrate,  it  seems  fair  to  stretch  the  old  maxim 

~^a  little,  and  to  say,  in  this  case,  that  knowledge  is  not  only 

"power"  but  "light"  also. 

I~  DISCUSSION 

- :  The  Chairman  :    It  is  hard  to  decide  which  would  be  the 

'i:-  worse  off  if  a  lighting  company  should  shut  off  the  power  given 
I-  to  a  telephone  company  or  the  telephone  company  should  dis- 
i'  continue  the  service  to  the  lighting  company.  In  one  sense  I 
r'  think  the  lighting  company  would  suffer  the  most.  It  appears 
*  that  two  telephone  companies  paid  the  lighting  companies  $162,000 
last  year,  and  these  same  lighting  companies  paid  tlie  telephone 
-  companies  $107,000.     In  that  sense  the  lighting  companies  would 

suffer  more  than  the  others. 
^  It  has  occurred  to  me,  as  it  has  at  times  to  a  great  many 

>  others,  that  we  could  save  a  considerable  amount  of  money  by 
^  operating  our  own  inter-departmental  telephone  system.  Many 
.  lighting  companies  have  included  in  their  franchise  the  right  to 
,.  operate  telephone  wires.  I  presume  that  many  other  companies 
'^  have  tried  that  method  as  we  have,  in  a  way,  and  all  that  is 
^.  needed  is  to  try  it  for  a  while  in  order  to  go  back  contentedly 

to  the  old  stand-by. 

;.  Mr.  a.  L.  Loizeaux,  Baltimore:    With  reference  to  Mr. 

Abbott's  last  remark,  it  may  be  that  in  Baltimore  we  will  change 

.    our  opinion,  but  a  few  years  ago,  in  order  to  dispense  with  the 

.    time  required  to  get  central  from  one  station  to  communicate 

with  another  station,  a  telephone  system  was  put  in,  connecting 

with  all  stations,  so  that  the  chief  operator  could  talk  to  them 

all  at  once,  or  to  anyone  individually,  calling  them  direct  by 

means  of  a  selector  system,  and,  up  to  the  present  time,  this 

has  proved  a  great  help  to  the  service. 

It  is  true  that  to  maintain  a  private  telephone  system  it  is 
necessary  to  employ  telephone  wiremen,  as  the  work  is  so  totally 
different  from  lighting  work,  that  men  familiar  with  lighting 
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wiring  may  be  useless  on  telephone  work.  There  is  no  hardship 
however,  in  keeping  a  few  telephone  men  on  the  force,  as  thej 
can  do  other  work  when  they  are  not  occupied  on  telephone  work. 

The  Chairman:  The  Commonwealth  Edison  Co.  has  a 
similar  system,  but  it  is  maintained  by  the  telephone  company. 
What  I  meant  was  that  it  appears  to  be  about  as  difficult  for  us  to 
operate  a  telephone  system  successfully,  as  it  does  for  a  tcl^ 
phone  company  to  do  its  own  electric  lighting.  Will  there  be 
any  further  discussion?  Mr,  Abbott  has  something  to  offer, I 
think. 

Mr.  Abbott  :  I  think  not,  Mr.  Chairman.  I  am  very  grate- 
ful to  you  for  your  courtesy  and  attention,  and  for  the  oppor- 
tunity of  being  here. 

(Adjourned.) 
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THIRD  TECHNICAL  SESSION 


Friday  Afternoon^  June  6 


The  Chairman,  President  Tait:  The  opening  number  on 
the  program  for  this  afternoon  is  the  Report  of  the  Committee 
on  Underground  Construction,  Mr.  W.  L.  Abbott,  Chairman. 


REPORT  OF  THE  COMMITTEE  ON  UNDER-  ,, 
GROUND  CONSTRUCTION 

The  report  of  the  Committee  on  Underground  Constructkn 
for  this  year  deals  exclusively  with  high  tension  transmissks 
cables  and  discusses  the  subject  under  the  following  headings: 

Periodic  High-Potential  Testing  of  Transmission  Lines. 

Carrying  Capacity  of  Cables. 

Graded  Insulation. 

Sector  or  Clover  Leaf  Conductor. 

Current-Limiting  Reactances. 

Protection  of  Cables  in  Manholes. 

Parallel  Routes. 

Trouble  Reports. 

Practical  Hints. 

Standard  Form  Paper-Insulated  High-Tension  Cable  Spca* 
fications. 

Specifications  for  Rubber-Insulated  and  Lead-Covered  Cables 
for  Operating  Pressures  in  Excess  of  2000  Volts. 

The  material  for  the  report  has  been  gathered  from  current 
engineering  literature  and  from  the  experience  of  member  com- 
panies, to  whom  the  Committee  makes  acknowledgment  for  theit 
liberal  and  valuable  assistance.    The  answers  received  from  mem- 
ber companies  indicate  a  very  wide  divergence  of  policy  in  many 
important  particulars,  notably  in  the  testing  of  transmission  lines, 
the  loading  of  cables  and  providing  of  parallel  routes  for  trans- 
mission lines,  and  also  in  the  opinions  as  to  what  should  be  put 
into  and  left  out  of  cable  specifications. 

Last  year  the  Committee  submitted  a  suggestion  for  a  stand- 
ard form  of  specification  for  paper-insulated  cable.  This  year 
the  Committee,  after  considering  criticisms  which  it  had  invited 
on  last  year's  specification,  has  revised  the  specification  to  meet 
the  ideas  of  the  greatest  number  of  the  critics.  It  also  submits 
for  criticism  the  specification  for  rubber-insulated,  high-tension 
cable,  substantially  as  is  used  by  at  least  two  large  companies, 
and  on  this  last  specification  it  particularly  invites  criticism. 

In  paper-insulated  cable   it  appears  that  in   some   respects 
American  manufacturers  are  behind  European.     In  last  year's 


specification  the  bending  test  for  cable  was  that  the  cable  should 
^  be  bent  first  in  one  direction  and  then  in  the  opposite  direction, 
./twice  repeated,  to  a  radius  of  six  times  the  diameter  of  the  cable. 
The  Committee  is  advised  that  American  manufacturers  consider 
^  this  test  too  severe,  although  on  European  cables  the  same  test 
J. is  applied  three  times  instead  of  twice.  However,  the  specifica- 
^  tions  as  here  presented  have  increased  the  radius  of  bending  to 
seven  and  one-half  times  the  cable  diameter. 

In  this  report  more  space  is  given  to  the  discussion  of  "Carry- 
ing Capacity  of  Cables"  than  to  any  other  subject.  Recommenda- 
tion is  made  for  very  decided  increase  in  rating  during  the  winter 
season,  and  also  that  the  current  rating  be  varied  inversely  with 
the  voltage  on  account  of  the  heating  in  the  insulation  due  to  the 
leakage  of  current.  One  company  suggested  that  the  Committee 
include  in  its  cable  specifications  a  paragraph  fixing  the  maximum 
temperature  to  which  the  cable  should  be  worked  and  another 
paragraph  limiting  the  allowable  leakage  of  current  through  the 
insulation  at  that  temperature.  The  Committee  recognizes  the 
importance  of  this  suggestion,  but  is  of  the  opinion  that  there  is 
not  yet  available  sufficient  information  to  enable  such  specifica- 
tions to  be  intelligently  written.  It  is  hoped  that  the  discussion 
of  the  section  on  ''Carrying  Capacity  of  Cables"  will  help  to 
clear  up  some  of  these  obscure  points. 

Respectfully  submitted, 

W.  L.  Abbott,  Chairman, 

H.  B.  Alverson, 

G.  W.  Cato, 

L.  L.  Elden, 

^         .^      1  Burton  French, 
C  ommtttee  <  ^    t  r 

^  S.  J.  Lisberger, 

E.  B.  Meyer, 

Philip  Torchio, 

S.  B.  Way, 

J.   B.   NoE. 

periodic   high    POTENTIAL  TESTING   OF   TRANSMISSION    LINES 

There  is  a  great  variation  of  opinion  in  regard  to  the  advisa- 
bility of  periodically  testing  transmission  lines,  the  majority  of 
the  companies  reporting  that  such  tests  are  not  applied. 
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Some  companies  subject  their  cables  to  a  high-potential  test 
once,  twice  and  even  three  times  a  year,  with  pressures  as  high 
as  three  times  normal  working  voltage.  Other  companies  make 
insulation  tests  only,  unless  the  record  of  any  cable  should  show 
a  gradual  decrease  in  insulation  resistance,  in  which  case  it  wouM 
be  subjected  to  a  high  potential  test  to  break  down  the  developing 
defect.  Several  cases  of  incipient  trouble  have  been  discovered 
and  eliminated  by  this  method,  but  it  has  not  always  proved  suc- 
cessful. 

One  large  company  started  to  make  high-potential  tests  on 
all  of  its  cables  twice  a  year,  but  for  reasons  this  practice  was 
soon  abandoned.  With  the  numerous  changes  in  its  underground 
system  and  the  practise  of  subjecting  cables  to  a  high-potential 
test  after  any  changes  had  been  made  on  them,  many  of  the  lines 
thus  obtained  a  test  anyway ;  then  a  few  cases  occurred  in  which 
lines  withstood  the  test  but  broke  down  shortly  afterward,  notably 
one  case  in  which  the  lead  sheath  of  the  cable  was  damaged  by 
electrolysis.  This  cable  burned  out  a  few  days  after  the  high- 
potential  test,  and  an  examination  of  the  cable  showed  that  there 
must  have  been  a  hole  in  the  lead  sheath  for  several  weeks  previ- 
ous to  the  test. 

Several  companies  are  now  installing  apparatus  with  the  view 
of  making  periodical  high-potential  breakdown  tests  on  all  of  their 
transmission  lines,  while  other  companies  which  already  have  the 
necessary  equipment  have  abandoned  the  practice  of  making  such 
tests  periodically. 

In  general,  it  might  be  said  that  high-potential  tests  increase 
the  liability  to  subsequent  breakdowns  and  often  do  not  disclose 
existing  points  of  weakness. 

In  order  to  obtain  data  on  the  practice  of  subjecting  trans- 
mission lines  to  breakdown  tests,  both  initial  and  periodic,  and  on 
their  safe  carrying  capacities,  questions  on  these  subjects  as  given 
below  were  sent  to  various  member  companies. 

The  answers  from  twenty  companies  are  given  in  the  follow- 
ing tabulation : 

QUESTIONS 

High -Tension  Cable  Tests 

I  a — Do  you  subject  your  newly  installed  high  tension  cables 
to  a  breakdown  test? 
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^    lb— If  so,  what  is  the  test  voltage  in  tenns  of  the  working 

voltage,  and  for  how  many  minutes  is  it  applied? 
ic — ^After  cables  are  put  into  service  do  you  test  them  at 

regular  intervals  ? 
id — If  so,  what  intervals,  what  is  the  test  voltage  in  terms 

of  the  working  voltage,  and  for  how  many  minutes  is 

it  applied? 

frying  Capacity 

2a — Of  what  kind  of  insulation,  size  of  conductor,  and  for 
what  voltage  is  the  greater  part  of  your  high-tension 
cables  ? 

2b— What  do  you  consider  to  be  the  maximum  safe  carrying 
capatity  in  amperes  per  phase  for  continuous  load? 

2c — What  is  the  maximum  for  one  hour  ? 

2d — Do  you  change  your  rating  with  the  season  of  the  year? 

Following  is  the  identity  of  the  companies  whose  answers 
pear  by  number  in  the  tabulation : 

Company 

1  Commonwealth  Edison  Co. 

2  New  York  Edison  Co. 

3  Edison  Electric  Illuminating  Co.  of  Brooklyn 

4  Detroit  Edison  Co. 

5  Potomac  Electric  Power  Co. 

6  Rochester  Railway  &  Light  Co. 

7  Fort  Wayne  &  Northern  Indiana  Traction  Co. 

8  Kansas  City  Electric  Light  Co. 

9  Des  Moines  Electric  Co. 

10  Toledo  Railways  and  Light  Co. 

11  Duluth  Edison  Co. 

12  Consolidated  Gas,  Electric  Light  &  Power  Co.  of  Baltimore 

13  Union  Gas  &  Electric  Co.,  Cincinirati,  O. 

14  Edison  Electric  Illuminating  Co.  of  Boston 

15  f^ublic  Service  Corporation  of  New  Jersey,  Newark,  N.  J. 

16  The  Milwaukee  Electric  Railway  &  Light  Co. 

17  Southern  California  Edison  Co.,  Los  Angeles,  Cal. 

18  Puget  Sound  Traction,  Light  &  Power  Co. 

19  Duquesnc  Light  Co.,   Pittsburgh,   Pa. 

20  Philadelphia  Electric  Co.  .    -  '      : 
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CARKYING  CAPACITY  OF  CABLES 

The  investment  by  member  companies  of  this  Association  in 
isulated  cables  for  the  trans^iission  of  electrical  energy  at  high 
Dltages  amotmts  to  tens  and  perhaps  hundreds  of  millions  of 
oUars,  and  notwithstanding  this  enormous  investment  it  does  not 
ppear  that  a  sufficiently  complete  investigation  has  ever  been 
aade  to  determine  the  safe  limits  of  loading  under  the  various 
onditions  to  which  such  cables  are  subjected. 

With  a  view  to  ascertaining  the  general  practice  and  experi- 
nce  of  member  companies  in  regard  to  cable  loading  and  cable 
allures^  there  were  included  in  a  general  letter  of  inquiry  sent 
>ut  to  25  prominent  member  companies,  questions  relating  to 
arrying  capacity  of  cables.  In  answer  to  these  inquiries  20  com- 
lanies  responded  with  answers  relating  to  size  of  conductor,  kind 
if  insulation,  voltage,  maximum  safe  carrying  capacity  rating 
v.ontmuous  and  for  one  hour),  and  statements  as  to  their  prac- 
ice  in  changing  the  rating  with  the  season  of  the  year  and  as  to 
whether  or  not  they  have  ever  had  a  cable  injured  from  overload. 

From  these  questions  and  answers  it  appears  that  with  13  of 
liese  companies  the  only  factor  considered  in  fixing  the  permissi- 
ble load  is  current  density.  Six  companies  make  some  slight 
iifFerence  in  permissible  load  with  the  season  of  the  year.  None 
3f  the  companies  responding  take  the  line  voltage  into  considera- 
don  in  determining  the  load  limitations  of  the  cable,  although  one 
company  calls  attention  to  the  fact  that  a  high-tension  cable  is 
nuch  more  likely  to  reach  dangerous  temperatures  on  overload 
than  a  low-tension  cable. 

The  carrying  capacity  of  a  cable  is  limited  by  the  temperature 
>f  the  insulation.  This  temperature  may  be  so  high  that  it  will 
i>ring  about  the  destruction  of  the  insulation  in  a  few  minutes, 
>r  with  a  somewhat  lower  temperature  the  insulation  will  last 
for  several  hours  or  days,  while  with  a  still  lower  temperature  it 
may  have  a  life  of  several  years,  and  with  what  might  be  termed 
moderate  temperatures,  no  appreciable  deterioration  at  all  takes 
place. 

Fig.  I  is  a  curve  taken  from  the  paper  of  Messrs.  Steinmetz 
and  Lamme,  entitled  "Temperature  and  Electrical  Insulation," 
read  at  the  mid-winter  meeting  of  the  A.  I.  E.  E.,  from  which 
curve  it  appears  that  paper  insulation,  as  used  on  electrical  appa- 
ratus, when  subjected  continuously  to  a  temperature  of  100  deg. 
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c,  would  have  a  life  of  lO  years,  which  means  that  such  insi 
would  last  I20  years  if  subjected  to  that  high  temperature 
only  one  month  out  of  each  twelve;  and,  if  during  only 
hours  of  each  day  of  that  month  the  temperature  were  hif 
number  of  years  over  which  the  life  of  the  insulation  ex 
would  be  proportionately  increased.  While  this  cannot  be  > 
unqualifiedly  to  high-tension  cable  insulation,  neverthek 
permits  of  definite  conclusions  in  regard  to  the  destructive 
of  prolonged  high  temperature  upon  the  life  of  high-tension 
insulation.    From  the  foregoing  it  also  appears  that  in  dei 
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what  shall  be  the  maximum  load  put  on  a  cable  of  a 
size,  the  economic  questions  of  line  load-factor  and  inte 
investment  should  likewise  be  given  consideration. 

As  the  life  of  a  cable  varies  in  an  inverse  ratio  w 
temperature  of  its  insulation,  and  as  this  temperature  is  : 
by: 

(a)  Temijerature  of  enclosed  conductor, 

( b)  Temperature  of  surrounding  air  and  objects, 

(c)  Heat  generated  in  the  insulation  itself  due  to 

leakage  through  the  dielectric. 
each  is  a  factor  which  should  be  considered  in  determin 
safe  current  load  of  a  cable. 
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Taking  the  highest  temperature  shown  in  the  chart,  93  de^j 
and  comparing  it  with  the  highest  temperature  during  the 
of  December,  which  is  generally  considered  the  month  of 
load,  we  find  a  difference  of  41  d^.    This  variation  is  as  gmj 
as  the  rise  in  temperature  which  takes  place  under  whatnot] 
companies  would  consider  the  maximum  loading,  or,  we  wills 
a  current  density  of  one  ampere  per    1000   cm.     It  appecl 
therefore,  that  companies  located  in  the  isothermal  latitude  oil 
Boston  can  load  their  cables  in  December  for  a  temperature  ml 
of  80  deg.  as  safely  as  they  can  load  them  for  a  temperature  rise 
of  40  deg.  in  August,  and  to  allow  double  the  amount  of  heatioi 
would  permit  of  40  per  cent  increase  in  the  current  rating,  lb 
would  warrant  a  current  density  of  14  amperes  per  1000  ol. 
and  would  correspond  to  a  load  of  nearly  300  amperes  on  a  4  c 
cable,  whereas  only  one  company,  it  appears,  would  load  a  40 
cable  up  to  220  amperes  in  the  winter. 

With  a  ground  temperature  of  50  deg.,  the  above  loadine 
would  result  in  a  conductor  temperature  of  130  deg.  The  coo- 
servatism  of  this  rating  is  apparent  when  we  consider  that  it  is 
good  practice  in  England  to  rate  cables  on  the  asstunpdon  tin: 
they  will  run  at  a  temperature  of  150  deg.,  and  also,  in  view 
of  the  conclusions  regarding  heat-resisting  qualities  of  insula- 
tion, which  may  be  derived  from  the  data  submitted  by  Messri. 
Steinmetz  and  Lamme: 

(c)  Heat  generated  in  the  insulation  by  current  leaka^i 
through  the  dielectric. 

Fig.    3    is   a    curve    showing    the    relation    between   tem- 
perature and   insulation   resistance  of  a   paper-insulated  caUt 
The  reduction  in  the  strength  of  the  irisiilation  with  the  increascu 
temperature   is    striking.     Measured    from    60    deg.    fahr.,  the 
insulation  resistance  is  less  than  half  as  great  with  each  10  deg. 
rise  of  temperature,  the  resistance  at  100  deg.  being  only  about 
3  per  cent  of  the  resistance  at  60  deg.;  and  when  we  consider 
that  the  amount  of  current  escaping  varies  inversely  with  the 
resistance  and  that  the  resultant  heating  varies  with  the  square  of 
the  current  leakage,  it  is  apparent  that  for   any    high   voltage 
there  exists  a  critical  temperature  at  which  the  heating    due  to 
escaping  current    will  be  sufficient  to  carry  the  temperature  up 
indefinitely    or  until  the  cable  is  destroyed.     This  heating   due 
to  escaping  current   is  shown  graphically  in  the  curve.  Fig.  4, 
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which  ji'iviis  the  results  of  a  itat  made  by  Mr.  E.  O.  >:i 
<>i  the  (ommon wealth  OJison  Co..  in  whicji  a  '.:«- 
single-con'liictor  cable,  insulated  for  4000  volt~.  wa*  ;!i 
cr.4npartmcfit  having  a  tem(icrature  of  1 10  deg.  cent.,  ar.^ 
at  11,000  volts. 

As  shown  by  the  curve,  the  temperature  01  the  raV.; 
increased  alfive  that  of  the  air  and  the  cable  finally  brcke 
a  temperature  sfmiewhcre  near  140  dej.;.   The  curve  -Hoa: 


Fig.  5 

iar  droopiiiji  tendency  above  130  (ley.  This  is  due  to  the  I 
the  eiu-rni/inj;  current  was  supplii-d  thnmjjh  current  trans 
of  limited  ca|iacity,  and  as  tlic  insulation  bc^au  to  give  wa 
weakest  spot,  there  was  sucii  a  flow  of  current  to  that  po 
the  vfilla},'c  of  tlic  cxcit.'ilinn  current  <lri)ppcd,  thus  roduc 
escape  'if  current  thniut;h  the  insulation  in  other  parts 
catilc. 

]-iii.  5  sliows  the  results  of  a  number  of  tests  with  twi 
of  cable,  through  both  of  which  a  considerable  ampere 
was  passed,  and  one  of  which  was  excited  at  9000  volts  anc 
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In  each  test  the  temperature  due  to  the  excitation  above 
due  to  the  current  alone  is  very  noticeable,  the  increase  being 
laghly  between  30  and  40  per  cent  at  12,000  volts. 

If  the  insulation  of  a  cable  is  not  of  uniform  resistance 
^roughout  the  entire  cable  length,  the  weaker  places  in  the  insula- 
will  be  subjected  to  the  greatest  heating  from  escaping  cur- 
This,  in  turn,  will  still  further  reduce  the  insulation  resis- 
at  that  point,  so  that  the  breakdown,  if  any,  will  occur  at 
initially  weak  points  and  probably  before  the  insulation  of 
tiy  other  parts  of  the  cable  is  at  all  injured.  This  is  shown  in 
tirve  No.  8  of  Fig.  5,  at  the  point  where  thermometer  No.  Sj/i 
fas  located,  which  attains  a  temperature  of  more  than  15  deg. 
i^onrt  the  average  of  the  rest  of  the  cable ;  and  from  the  appear- 
of  the  curve  we  might  judge  that  had  thermometer  No.  8j4 
located  a  foot  or  so  farther  to  the  right,  a  still  higher  tem- 
perature would  have  been  recorded. 

It  does  not  appear  that  operating  companies  have  experi- 
ipiced  any  considerable  difficulty  with  the  breaking  down  of  cables 
Ijperating  below  a  voltage  of  12,000,  but  as  we  get  above  that 
ij^ressure  and  particularly  around  20,000  volts,  much  trouble  is 
ifcxperienced  with  insulation  failure  during  warm  weather;  but 
Iplien  we  consider  that  in  spite  of  the  thicker  insulation  for 
ler  voltages,  the  heating  at  equal  temperatures  is  almost  in 
►rtion  to  the  square  of  the  voltage  and  when  we  consider  also 
this  connection  the  rapid  decrease  in  insulation  resistance 
th  increasing  temperature,  we  can  readily  understand  why  the 
ictive  action  of  high  temperature  and  high  voltage  is  so 
Ae  to  become  "explosive"  during  extremely  hot  weather. 
From  the  above  discussion  it  appears  that  liability  to  cable 
breakdowns  is  a  function  of  the  temperature  of  the  insulation, 
and  this  total  temperature  is  the  sum  of  three  components — sur- 
rounding air,  current  density  and  impressed  voltage.  The  temper- 
siture  of  the  air  in  the  subway  may  vary  from  20  to  100  deg.  fahr. 
The  rise  of  temperature,  due  to  such  ampere  loads  as  most  com- 
panies carry,  may  amount  to  40  deg.,  and  in  a  20,000- volt  cable 
the  rise  of  temperature  due  to  current  leakage  at  an  initial  tem- 
perature of  90  deg.  fahr.,  may  amount  to  '50  deg.  fahr.  as  an 
average  over  the  entire  length  of  the  cable.  It  appears,  there- 
fore, that  the  greatest  limitation  to  the  current  capacity  of  the 
cable  is  the  varying  temperature  of  the  subway,  and  the  next 
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greatest  limitation  in  the  case  of  20,poo-volt  cables  is  the  curraft 
leakage  through  the  insulation,  while  the  C^R  loss  in  the  condnc- 
tor  itself  is  the  lowest  of  all.  It  would,  therefore,  appear  that  if  die 
rating  of  high-tension  transmission  lines  were  done  more  intd- 
ligently,  greater  consideration  would  be  given  to  the  temperatuit 
of  the  subway.  The  permissible  load  limits  would  be  reduced 
during  and  following  a  hot  spell  and  would  be  correspondingty 
increased  during  cold  weather,  which  is  the  season  when  the 
maximum  carrying  capacity  is  most  needed. 

There  is  great  reluctance  on  the  part  of  operating  men  to 
run  a  cable  at  anywhere  near  the  danger  point,  for  fear  that  tiie 
insulation  will  be  injured  throughout  the  whole  length  of  the 
cable ;  but  from  the  evidence  at  hand  this  fear  may  be  dismissed, 
for  the  reason  that  throughout  a  long  cable  and  its  many  joints 
there  exists  one  point  where  the  insulation  is  weaker  than  at 
any  other  point  and  is  much  weaker  than  the  general  average 
of  the  remainder  of  the  cable.  In  high-tension  cables  it  is  this 
weakest  point  which  will  be  subjected  to  the  overheating  and  will 
act  as  a  safety  valve  for  the  entire  line  by  "letting  go"  long 
before  the  rest  of  the  cable  has  been  heated  to  anjrwhere  near 
the  danger  point. 

The  foregoing  discussion  is  admittedly  weak  in  corroborative 
evidence  and  scientific  investigation,  but  the  Committee  believes 
that  a  lack  of  knowledge  of  the  conditions  contributing  to  cable 
breakdowns  has  led  operating  companies  to  apply  a  factor  of 
safety  to  their  cables,  which  has,  in  many  instances,  entailed  an 
enormous  investment  in. duplicate  cables. 

This  Committee  recommends  that  next  year's  Committee  on 
Underground  Construction  have  careful  and  elaborate  tests  made 
to  determine  the  magnitude  of  the  influences  which  have  been 
herein  referred  to. 

GRADED  INSULATION 

It  is  a  well-known  fact  that  the  potential  gradient  of  insu- 
lated wires  is  much  higher  in  that  portion  of  the  insulation  near 
the  conductor  than  in  the  outer  layers,  and  an  equally  well-known 
law  that  the  fall  of  potential  across  a  series  of  insulators  of  vary- 
ing specific  inductive  capacities  is  inversely  proportionate  to 
those  capacities.  Cables  insulated  with  two  or  more  different 
materials  so  proportioned  as  to  their  relative  thickness  and  specific 


651 

inductive  capacities  as  to  take  advantage  of  these  laws,  have 
been  on  the  market  for  some  time,  and  it  has  been  suggested 
that  a  similar  "graded"  insulation  might  be  made  up  of  paper 
alone,  the  grading  being  secured  by  saturating  successive  sections 
with  oils  so  chosen  as  to  give  specific  inductive  capacities  var)-- 
ing  in  the  proper  proportions.  The  advantages  to  be  secured 
would  be  a  smaller  diameter  of  cable  with  the  same  factor  of 
safety,  or  the  possibility  of  producing  a  cable  to  operate  at  a 
higher  voltage,  the  factor  of  safety  and  outside  diameter  remain- 
ing the  same.  The  cost  of  manufacture  of  the  cable  with  graded 
insulation  would  be  somewhat  higher,  but,  owing  to  the  smaller 
amount  of  material  required,  the  net  cost  would  probably  be 
somewhat  reduced. 

The  possibilities  of  insulating  a  2/0  B.  &  S.  cable,  with  three 
layers  of  paper  insulation  having  specific  inductive  capacities  in 
the  ratio  of  K  =  3,  K  =  2.5  and  K  =  2  are  illustrated  by  the 
accompanying  curves.  Fig.  6  showing  the  potential  gradient 
under  three  diflferent  conditions.  In  each  case  the  assumed  test 
voltage  producing  the  potential  gradient  is  taken  at  25400  volts. 

Case  I.  Conductor  insulated  with  a  single  homogeneous 
dielectric  8/32  in.  thick.  The  Curve  A  D  J  N  P  shows  that  the 
potential  gradient  decreases  from  6500  volts  per  mm.  at  point 
A,  next  to  copper,  to  3000  volts  per  mm.  at  the  sheath  P. 

Case  II.  Conductor  insulated  with  three  layers  of  materials 
having  specific  inductive  capacities,  K,  in  the  ratio  of  3,  2.5,  and  2, 
their  relative  thicknesses  being  such  that  the  maximum  potential 
gradient  is  the  same  in  each ;  the  total  wall  being  8/32  in.,  as  in 
Case  I.  The  potential  gradient  in  the  inner  layer  is  shown  by 
the  curve  GK,  in  the  middle  layer  by  H  L,  and  in  the  outer  layer 
by  I  O,  the  maximum  in  each  case  being  4650  volts  per  mm.,  or 
only  71  per  cent  of  the  maximum  in  Case  I.  In  other  words,  the 
cable  could  be  operated  at  a  voltage  of  40  per  cent  higher  than  in 
Case  I,  the  insulation  being  subjected  to  the  same  strain. 

Case  III.  Reduce  the  total  thickness  of  insulation  until  the 
inner  layer  is  subjected  to  the  same  strain  as  in  Case  I,  and  so 
proportion  the  thickness  of  the  same  three  insulating  layers  that 
each  is  subjected  to  the  same  maximum  strain.  The  potential 
gradient  in  the  inner  layer  is  shown  by  the  curve  A  D,  in  the 
middle  layer  by  B  E  and  in  the  outer  layer  by  C  F.  The  total 
thickness  of  insulation  would  be  only  0.17  in.,  instead  of  0.25  in., 
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necessary,  however,  the  condition  of  unequal  strength  could  be 
taken  care  of  by  so  proportioning  the  thickness  of  the  several 
layers  that  each  would  be  strained  to  the  limit  of  its  strength, 
instead  of  each  being  strained  equally,  as  in  the  illustrations 
given. 

The  application  of  the  principle  of  graded  insulation  to  the 
production  of  a  paper-insulated  cable  is  dependent  upon  the  prac- 
tical consideration  of  securing  commercial  results  by  suitable 
processes  of  impregnation  and  manufacture.  If  this  were  prac- 
ticable, and  graded  cables  were  developed  by  manufacturers,  they 
would  be  assured  of  sufficient  business  to  make  the  development 
attractive. 

SECTOR  OR  CLOVER  LEAF  FORM  OF  CONDUCTOR  FOR  TRANSMISSION 

CABLES 

With  the  increasing  size  of  rotary  converters  and  with  the 
resulting  increase  in  the  size  of  the  conductor  in  order  that  a 
line  may  have  suflBcient  capacity  for  one  converting  unit,  some 
of  the  member  companies  have  reached  the  maximum  size  of 
three-conductor  cables  with  round  conductors  that  can  be  installed 
in  a  duct  nominally  3  in.  in  diameter.  To  meet  this  condition 
and  to  make  it  possible  to  install  cables  of  larger  conductors  or 
of  thicker  insulation,  some  manufacturers  are  making  cables  with 
the  conductors  in  a  clover  leaf  or  sector  form.  To  show  graph- 
ically the  advantages  which  may  be  obtained  by  the  use  of  cables 
with  such  conductors,  curves  have  been  prepared  making  com- 
parison between  these  two  types  of  cables. 

Fig.  7  shows  the  relative  outside  dimensions  of  cables  of  the 
round  and  sector  types,  the  copper  area  and  thickness  of  insula- 
tion being  the  same  for  each  type. 

Fig.  8  shows  the  increased  wall  of  insulation  which  can  be 
put  on  a  cable  of  the  sector  type,  the  copper  area  and  outside 
diameter  being  the  same  for  each  type. 

In  both  of  these  curves  the  comparison  is  based  on  the  round 
type  of  cable  insulated  for  6600  volts,  that  probably  being  the 
type  in  most  common  use  by  the  member  companies.  For  lighter 
walls  the  advantage  of  the  sector  type  becomes  more  marked, 
while  for  heavier  walls  the  advantage  decreases. 

For  ordinary  walls,  the  sector  type  of  cable  possesses  no 
practical  advantages  for  sizes  of  cable  smaller  than  about  4/0 
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trouble  and  the  generator  bus.    Other  companies  have  hand- 
trolled  group  switches  exclusively,  and  during  many  years 
operation  have  had  no  experience  which  would  warrant  them 
installing  automatic  relays  for  controlling  the  group  switc 
When  automatic  relays  are  installed  for  controlling  the 
switches,  it  is  very  essential  that  they  be  installed  and  adjusted  i 
as  to  secure  selective  action  between  the  group  switches  and 
feeder  switches. 

Several  of  the  companies  have  step-up  transformers  inter- 
posed between  the  main  bus  and  the  line  bus.    Under  these  coo-] 
ditions  all  companies  have  automatic  switches  on  the  lines  feeding 
the  transformer.     When  transformers  of  large  size  with  lot 
reactance  are  used  in  this  manner,  it  is  customary  to  install! 
current-limiting    reactance    between    the    transformer   primary 
terminals  and  the  switch  controlling  the   transformer.    These 
reactance  coils  are  for  the  purpose  of  limiting  the  amount  o( 
current  which  will  flow  in  the  transformer  coils  at  the  time  of 
trouble  on  the  high-tension  lines  which  they  feed  and  to  preveflt 
the  mechanical  injury  to  the  transformer  coils  which  is  liable toj 
occur  in  their  absence.    The  amount  of  reactance  required  fortlii$| 
purpose  should  be  sufficient  to  make  the  total  reactance  of  tbe 
reactance  coil  and  the  transformer  about  6  or  7  per  cent  at  tie] 
rated  full  load  of  the  transformer. 

Where  several  transformers  are  connected  in  parallel  betweea ! 
a  high-tension  bus  and  a  low- tension  bus,  it  has  been  found  desir- 
able to  control  the  switches  on  the  primary  and  secondary  of  tlR 
transformer  by  some  form  of  balanced  relay  connection,  sotiial 
the  transformer  will  not  be  disconnected  from  either  bus  unles 
trouble  occurs  within  the  transformer.  In  such  cases  it  is  impor- 
tant that  some  indicating  device  be  used  which  will  immediately 
call  attention  to  the  fact  that  one  transformer  has  been  discon- 
nected, in  order  that  steps  may  be  taken  to  prevent  the  overload- 
ing of  the  other  transformers  which  remain  in  service. 

Several  of  the  larger  companies  have,  within  the  past  few 
years,  installed  current-limiting  reactances  on  their  generators  01 
high-tension  feeders.  When  the  generating  capacity  conncctci 
to  one  bus  exceeds,  say,  50,000  kw.,  it  will  be  found  necessary  t 
have  current-limiting  reactances  on  the  generators,  in  order  t 
prevent  mechanical  injury  to  the  generator  windings  and  buses ; 
times  of  short  circuits.    One  company  has,  in  addition,  found 


657 

expedient  to  divide  its  high-tension  bus  into  several  sections  and 
connect  these  sections  through  current-limiting  reactances. 

At  least  one  company  has  found  it  desirable  to  install  such 
reactances  on  each  of  its  high-tension  feeders,  and  several  other 
companies  are  contemplating  the  installation  of  similar  reactances. 
All  of  these  companies  are  operating  an  ungrounded  system. 
None  of  the  companies  now  operating  a  system  with  a  grounded 
neutral  are  contemplating  the  installation  of  current-limiting 
reactances  on  their  feeders. 

Current-limiting  reactances  should  be  of  the  air-core  type. 
Their  capacity  should  correspond  to  the  full-load  capacity  of  the 
line  or  generator  which  they  are  intended  to  protect,  and  the 
reactance  drop  at  full  load  should  be  approximately  4  or  5  per  cent 
of  the  bus  voltage.  They  are  generally  built  with  a  core  of  non- 
magnetic material,  such  as  wood,  concrete,  porcelain,  or  of 
several  such  materials  in  combination.  In  general,  they  are  so 
bulky  that  it  is  difficult  to  find  room  for  their  installation  in  a 
station  already  built.  In  some  cases  separate  structures  adjacent 
to  the  generating  station  or  the  switch-house  have  been  found 
necessary  for  their  proper  housing.  When  these  reactance  coils 
are  properly  constructed  and  placed,  their  installation  involves  no 
additional  hazard. 

PROTECTION    OF   CABLES   IN    MANHOLES 

In  order  to  prevent  trouble  on  one  cable  from  communicat- 
ing to  the  other  cables  in  the  same  manhole,  the  larger  companies 
have  found  it  desirable  to  cover  their  cables  in  manholes  with 
some  type  of  fire-proof  covering.  The  principal  types  of  protec- 
tion used  are  as  follows: 

(i)     Asbestos  tape  saturated  with  silicate  of  soda, 

(2)  Asbestos  tape  covered  with  a  soft  steel  band  armor, 

(3)  Split  tile  duct  with  cemented  joints, 

(4)  A  cement  mortar  coating  with  }A  in.  rope  bond. 

The  two  forms  of  asbestos  tape  covering  have  been  in  use 
for  many  years,  and  these  types  of  protection  appear  to  be  entirely 
satisfactory  to  the  companies  using  them.  The  split  tile  duct  has 
in  the  past  been  used  in  large  quantities  by  one  of  the  member 
companies,  but  its  use  has  been  abandoned  in  favor  of  the  cement 
mortar  covering.  Although  tile  is  fire-proof  in  the  ordinary  sense, 
it  will  melt  and  flow  in  the  case  of  a  severe  electric  arc,  and  when 
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this  occurs  the  cable  is  exposed  to  th^  jeltc  which  melted  die  tilt 
The  tile  is  also  injured  by  manhole  explosions.  It  is  diflBcult  to 
cement  the  joints  properly  and  also  to  carry  the  protection  dosdj 
up  to  the  mouth  of  the  duct,  so  that  there  are,  in  general,  a  number 
of  weak  points  in  the  covering  in  each  manhole.  In  addition, 
there  is  considerable  difficulty  in  a  crowded  manhole  in  trzaog 
individual  cables  after  all  have  been  covered  v/ith  tile.  The 
increasing  prices  demanded  by  the  tile  manufacturers  for  the  split 
tile  duct  in  straight  pieces  and  in  bends  were  of  considerable  influ- 
ence in  the  decision  to  abandon  this  type  of  covering. 

The  cement  mortar  coating  is  not  affected  by  manhole  explo- 
sions, and  although  the  quality  of  the  concrete  and  its  strengtib 
may  be  seriously  affected  by  the  arc,  it  will  in  general  remain  in 
place  and  serve  as  a  protection  until  it  has  been  mechanicallT 
removed.  The  companies  that  have  tried  this  type  of  protection 
are  highly  impressed  with  its  value  and  freely  recommend  its 
adoption. 

In  determining  the  type  of  protection  to  be  used,  the  heat 
resisting  qualities  of  the  covering  are  of  more  importance  than 
the  heat  conducting  qualities.  Even  when  covered  with  the  best 
non-conductor,  the  cables  in  the  manholes  will  probably  be  cooler 
than  the  cables  in  the  conduit.  The  type  of  covering  used,  there- 
fore, has  little  if  any  influence  on  the  carrying  capacity  of  the 
cables. 

The  cost  of  protecting  cables  by  the  several  methods 
described  will,  under  ordinary  circumstances,  range  between  20 
and  30  cents  per  lineal  foot  of  cable,  except  in  the  case  of  the 
unarmored  asbestos  tape,  which  is  said  to  cost  only  10  cents  a 
foot. 

PARALLEL    ROUTES    FOR   TRANSMISSION    LINES 

Because  of  the  liability  of  all  of  the  cables  in  one  conduit  or 
in  one  street  to  be  interrupted  by  accidents,  an  attempt  is  usually 
made  in  the  important  lines  running  from  a  power  house  to  the 
same  destination  to  route  them  in  separate  conduit  lines  or  even 
in  separate  streets.  Among  some  of  the  causes  which  might 
interrupt  such  lines  are  burning  of  cables  by  severe  short  circuits, 
caving  of  streets  due  to  excavations  for  building  foundations, 
sewers,  subway  construction,  etc. ;  explosions  due  to  illuminating 
gas ;  blasting  or  malicious  mischief ;  washing  out  of  pavement  and 
conduits  due  to  bursting  of  water  mains ;  collapse  of  large  build- 
ing in  case  of  fires ;  earthquakes  or  faulty  construction. 
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WbUe  each  of  these  possibilities  constitutes  an  ever-present 
lenace,  the  real  danger  of  interruption  of  service  to  any  line 
rom  these  causes  is  quite  remote  and  the  warrantability  of  an 
ncreased  investment  to  provide  a  duplicate  route  should  be 
^uged  accordingly.  Some  engineers  are  of  the  opinion  that  the 
greatest  protection  warrantable  would  be  to  provide  duplicate 
outes  in  separate  conduit  lines  in  the  same  street.  Others  go 
o  the  extreme  of  providing  a  parallel  route  for  the  second  line 
^•er  streets  which  necessitate  a  much  longer  run  than  the  original 
•oute. 

Inquiries  among  a  number  of  the  leading  companies  show 
Jiat  some  would  not  provide  a  duplicate  route  if  it  required  any 
naterial  increase  in  the  length  of  the  second  line,  while  others,  in 
special  cases,  would  favor  duplicate  routing  at  an  expense  of  30  to 
|0  per  cent  additional. 

Diagrams  submitted  by  various  companies  show  cases  of 
duplicate  routing,  indicating  that  such  duplicate  routes  could 
usually  be  obtained  without  increasing  the  length  of  the  second 
line  over  5  per  cent.  It  is  believed,  however,  that  but  few  com- 
>anies  wouid  authorize  the  expenditure  for  a  separate  conduit 
ine  for  the  purpose  of  getting  a  second  line  to  a  given  destination 
)ver  a  different  route  if  duct  space  is  available  in  the  existing 
ronduit  line.  Moreover,  to  cite  a  concrete  example,  it  should 
lot  be  considered  good  engineering  to  choose  the  longer  route  in  a 
lase  where  it  is  necessary  either  to  place  both  such  lines  in  the 
(ame  conduit  length  one  block  long  or  to  route  the  second  line 
iround  the  three  sides  of  the  block,  as  the  slight  advantage  of 
liversitv  in  routing  over  this  distance  would  rarely  if  ever  bal- 
ince  the  triple  expense  incidental  to  the  longer  route. 

REPORT    OF    TROUBLE   ON    UNDERGROUND    LINES 

The  replies  from  member  companies  indicate  that  only  a  few 
use  a  regular  form  for  reporting  such  troubles,  while  the  majority 
have  their  reports  made  largely  in  the  form  of  a  letter  from 
the  foremen.  In  order  to  secure  comparative  information  it  is 
recommended  that  member  companies  have  their  reports  made  in 
accordance  with  the  attached  form.  This  report  has  been  drawn 
up  from  the  various  forms  and  suggestions  which  have  been 
submitted,  and  will  be  found  to  cover  all  ordinary  cases  of  trouble. 
Some  of  the  companies  may  find  it  of  advantage  to  have  the 
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report  made  in  card  form  for  convenience  in  filing,  and  ii 
is  done  some  reduction  may  be  made  in  the  size  of  the  n 
It  is  very  desirable,  however,  that  in  entering  the  infonn 
under  the  headings  "Location  of  fault"  and  "Probable  cam 
injury"  the  foremen  should  have  the  accompanying  fon 
report  at  hand  and  make  entries  on  the  card  under  one  ol 
several  sub-headings  given  on  the  report  form.  The  back  o 
report  should  be  used  for  describing  previous  troubles  on 
same  line  or  in  the  same  conduit,  which  may  possibly  have 
a  bearing  upon  the  fault,  as  well  as  other  items  of  interest  w 
cannot  be  readily  summarized. 

FORM  FOR  REPORTING 

NAME  OF  COMPANY 

I9-- 

REPORT  OF  HIGH  TENSION   FEEDER  TROUBLE 

Date Time Feeder  No From 

To Size Operating  voltage Frequency. ... 

Insulating  material Insulation  thickness Condition.' 

Made  by Installed,  date by 

Length  of  underground  portion ft,  overhead 

First  indication  of  trouble 

Nature  of  trouble Reported  by 

Trouble  occurred  during  test ,  or,  feeder  in  service 

Previous  to  breakdown,  load  on  feeder Max.  air  temperature... 

LOCATION  OF  FAULT 

Fault  located  by:  Fault  located  in: 

Inspection    Manhole — in  joint  

Report  of  in  bend  

Loop  test  in  straight  length. 

Fault  detector Duct feet  from  duct  ( 

Cut  and  try No.  of  cuts Repairs  completed  at 

Time  required  to  locate Feeder  ready  for  service  at.. 

Section  of  conduit Location  of  duct  occupied..- 

PROBABLE  CAUSE  OF  TROUBLE 

(a)  Mechanical  injury: 

I — Extraneous  mechanical 

2 — Electrolysis 

3 — Sharp  bend 

4 — Overheating 

(5 — Surge  on  system)   

(b)  Defect  in  cable: 

I — Defective  insulation 

2 — Defective  sheath 

3 — Defective  joint Made  by 

(c^     Cause  unknown 

Resulting  damage  in  conduit  or  manhole  

"  "         "   station  or  substation  

Detail  report  of  trouble  of on  cable  No. . 
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PRACTICAL   HINTS 

The  installation  of  eyebolts  in  the  walls  of  manholes  opposite 
each  run  of  ducts  has  been  found  by  one  company  to  be  a 
convenience  for  pulling  in  cable. 

For  cleaning  out  ducts  a  spiral  spring,  slightly  smaller  than 
5  duct  made  of  J4  or  3/16-in.  wire  with  ^/g-in.  pitch,  and 
v-ing  the  first  few  turns  tapered,  is  used  to  good  advantage, 
llind  the  spring  a  brush  it  attached,  and  the  whole  thing  is 
^wn  through  the  duct  in  the  usual  way  by  a  rope. 

Tags  for  identifying  cable  have  been  made  of  various  metals 
inost  all  of  which,  however,  with  their  fastenings  corrode  in  a 
ort  tiuiC,  and  become  illegible  or  fall  off.  A  lead  tag,  on  which 
.s  been  stamped  the  identity  of  the  cable,  and  tied  to  the  cable 
ith  a  lead  wire,  will  last  longer  than  any  other  metal.  These 
g^s  can  be  made  of  various  shapes  to  identify  the  various  classes 
:  cable  installed  in  the  manhole. 

A  very  effective  form  of  manhole  guard  has  been  developed 
y  one  company.  This  consists  of  an  angle  iron  frame  with 
;gs  to  set  down  into  the  square  opening  of  the  manhole  and 
revents  passers-by  from  falling  into  the  hole,  yet  readily  permit- 
ng  of  the  passing  of  materials  down  to  the  workmen  in  the  hole. 
his  frame  cannot  be  upset,  except  by  bending  the  angle  iron, 
id  so  will  turn  away  any  but  a  very  heavy  vehicle.  When  not 
I  use  it  can  be  collapsed  and  folded  into  a  compact  bundle. 
C^'hen  the  situation  is  such  that  this  type  of  guard  cannot  be 
sed,  as  for  example  near  a  car  track  where  the  cars  swing  ovei 
le  hole,  a  cover  consisting  of  a  channel  iron  frame  surrounding 
stiff  wire  mesh  is  used.  This  sets  into  the  manhole  frame  in 
lace  of  the  cover,  and  will  bear  the  weight  of  a  man  or  a  light 
ehicle. 

The  prompt  installation  of  an  emergency  telephone  at  or 
lear  the  location  where  street  repair  gangs  are  working  has  been 
ound  to  be  feasible  and  of  very  considerable  service.  When 
epairs  are  being  made  at  night  it  is  particularly  valuable,  as 
here  are  few  telephones  accessible  between  midnight  and  morn- 
ng.  This  complete  telephone  set  is  mounted  in  a  box,  which  is 
ocked  for  security  when  not  in  use,  and  is  kept  at  some  con- 
enient  point,  with  sufficient  wire  to  reach  to  the  top  of  a  pole  from 
he  ground,  and  on  call  is  sent  out  to  the  location  of  the  trouble. 
Arrangements   have   been    made  with    the   telephone   company 
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whereby  upon  notification  they  send  out  a  repairman  who  con- 
nects up  the  instrument  to  the  nearest  line  available  and  assigns 
a  regular  number  to  the  instrument.  This  telephone  set  has  ban 
installed  and  put  into  service  in  a  remote  part  of  the  city  within 
two  hours  from  the  time  the  order  was  given  to  the  telephone 
company. 

Some  saving  is  being  made  by  the  use  of  kerosene  Wow 
torches  instead  of  gasolene  torches,  there  being  beside  the  con- 
siderable saving  in  cost  of  fuel  the  lessened  liability  to  accident 

Electric  drills  for  use  on  work  in  manholes  have  been  found 
to  be  of  considerable  convenience  and  save  a  g^eat  deal  of  time 

PRACTICAL  HINTS  CONCERNING  THE  INSTALLATION  OF  CABLES 

IN  SUBWAY  SYSTEMS 

Plans  showing  routes  of  cables,  reel  numbers,  cross  sections 
of  duct  runs  with  the  duct  to  be  occupied  marked,  should  be  pre- 
pared for  the  convenience  and  assistance  of  men  delivering  abk 
in  streets  and  installing  it  in  ducts. 

When  drawing  in  cable,  the  reel  should,  where  possible,  be 
located  with  reference  to  the  ducts  so  that  reverse  bends  in  the 
cable  will  be  avoided.  Cable  should  be  handled  in  such  manner 
as  to  avoid  kinks,  sharp  bends  or  scraping  at  the  mouth  of  the 
duct. 

The  pulling  rope  should  be  attached  to  the  cable  by  means 
of  wire  lacing  in  such  a  manper  as  to  avoid  damage  to  the  lead 
sheath,  and  the  lacing  should  be  carried  back  a  distance  not  less 
than  lo  diameters  of  the  cable.  After  the  cable  is  drawn  in,  the 
ends  should  be  carefully  inspected  to  make  sure  that  the  seal  has 
not  been  broken,  and  ends  of  cable  in  the  manhole  should  be 
immediately  laid  on  racks  to  avoid  injury. 

Records  should  be  kept  of  each  joint  made,  giving  date  and 
the  name  of  the  jointer. 

Paper  cable  should  not  be  handled  while  at  a  temperature 
lower  than  30  deg.  fahr.,  and  if  it  is  necessary  to  pull  in  cable 
during  weather  of  a  lower  temperature,  the  cable  should  first  be 
artificially  warmed. 
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STANDARD  FORM   PAPER-INSULATED  HIGH-TENSION  CABLE 

SPECIFICATIONS 

Condition  of  Service 

The  cable  is  to  be  used  as  a  part  of  a  three-phase,  . .  cycle, 
delta  star-connected  underground  transmission  system,  the  nor- 
mal working  voltage  of  which  is  . . .  volts  between  phases,  the 
voltage  as  determined  in  accordance  with  American  Institute  of 
Electrical  Engineers'  standardization  rules. 

General 

The  cable  shall  be  composed  of  three  separately  insulated 
stranded  copper  conductors,  laid  together  and  covered  with  a 
suitable  sheath.  All  labor  and  material  employed  in  the  manu- 
facture and  installation  shall  be  of  the  best  quality,  appropriate 
for  the  purpose  intended,  and  shall  conform  to  the  following 
specifications : 

The  cable  covered  by  these  specifications  shall  be  guaranteed 
by  the  manufacturer  to  be  free  from  defects  in  workmanship  and 
material,  and  the  manufacturer  shall  replace,  without  cost  to  the 
purchaser,  any  cable  which  shall  develop  faults  within  a  period  of 

years  from  date  of  installation,  except  in  cases  where  it 

can  be  clearly  shown  that  the  fault  resulted  from  external  causes, 
such  as  mechanical  injury,  electrolysis  or  lightning. 

Conductors 

Each  conductor  shall  consist  of  soft-drawn  copper  wires,  free 
from  splints,  flaws,  joints  or  defects  of  any  kind,  and  having  a 
conductivity  not  less  than  98  per  cent  of  that  of  pure  annealed 
copper,  as  defined  by  the  American  Institute  of  Electrical  Engi- 
neers' standardization  rules.  The  conductors  shall  be  concen- 
trically stranded  in  reverse  spiral  layers,  the  strands  being  of 
wires  sufficiently  small  to  insure  the  required  flexibility  in  the 

cable.    The  area  of  each  conductor  shall  be circular  mils, 

and  shall  be  taken  as  the  sum  of  the  areas  of  the  several  wires 
forming  the  stranded  conductors  when  measured  at  right  angles 
to  the  axis  of  each  wire. 

Insulating  Material 

The  insulating  material  shall  be  of  the  best  Manila  paper 
free  from  jute,  wood  fiber,  or  other  foreign  material.  It  shall 
be  cut  in  strips  and  helically  and  evenly  applied  to  the  conductor 
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to  a  uniform  thickness  of  . .  ./32  in.  Aftef  insulation  the  three 
conductors  shall  be  laid  together,  with  a  unlfomi  twist,  having  a 
pitch  not  exceeding  25  times  the  diameter  of  one  conductor 
measured  over  the  insulation.  The  interstices  shall  be  filled  with 
jute,  so  as  to  form  a  true  firm  cylinder  without  openings  or  air 
spaces,  over  which  is  to  be  applied  a  paper  insulating  jacket  in 
the  same  manner,  and  of  the  same  quality  as  specified  for  each 
conductor. 

During  the  process  of  applying  the  paper  insulation  and  the 
jute  filler  and  immediately  before  the  insulation  is  impregnated, 
the  cable  shall  be  subjected  to  such  treatment  as  will  insure  the 
expulsion  of  all  air  and  moisture,  incident  to  which  treatment 
the  cable  shall  be  impregnated  with  an  insulating  compound  of 
low  specific  inductive  capacity,  guaranteed  not  to  run  appreciably 
and  to  retain  its  sticky  adhesive  qualities  during  the  life  of  the 
cable,  and  also  guaranteed  not  to  develop  any  chemical  action 
within  itself  or  with  any  other  component  of  the  completed  cable. 

Lead  Sheath 

The  insulated  cable  shall  be  covered  with  a  commercially 
pure  lead  sheath,  tightly  and  evenly  applied,  and  having-  a  thick- 
ness not  less  than  . . .  732  in.  The  lead  from  which  the  sheath  is 
formed  shall  be  freshly  mined  and  shall  contain  no  scrap  and 
shall  be  free  from  blow  holes,  cracks,  scales  or  imperfections  of 
any  kind,  and  shall  not,  at  any  point,  be  less  than  90  per  cent 
of  the  specified  thickness.  The  completed  cable  shall  not  exceed 
inches  in  diameter. 

Tests 

The  following  electrical  tests  shall  be  made  by  the  manufac- 
turer at  his  works  and  without  expense  to  the  purchaser,  the  manu- 
facturer supplying  all  necessary  apparatus  and  the  purchaser  to 
have  the  privilege  of  being  represented  when  these  tests  are  con- 
ducted. The  manufacturer  shall  furnish  the  purchaser  with  copies 
of  data  sheets  showing  the  behavior  of  cable  during  these  tests. 

Ca)  Voltage  Test.  Each  length  of  cable  is  to  be  tested 
with  alternating  current,  having  a  frequency  preferably  the  same 
as  that  of  the  system  of  which  the  cable  is  to  be  a  part.  The  test 
voltage  is  to  he  applied  between  all  three  conductors  and  between 
conductors  and  lead  sheath  at  a  temperature  of  150  deg.  fahr. 
If  the  cable  is  to  form  part  of  a  system  having  a  permanently 
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grounded  neutral,  the  neutral  point  of  the  test  generator  shall  be 
connected  to  the  cable  sheath  during  the  test.  If  the  cable  is  to 
form  part  of  a  system  with  an  ungrounded  neutral,  two  tests 
shall  be  made,  the  first  with  conductor  A,  the  second  with 
conductor  B,  grounded  to  the  cable  sheath.  The  apparatus 
supplying  the  energy  for  the  voltage  test  must  have  a  kilovolt- 
ampere  capacity  at  least  four  times  the  kilovolt-ampere  capacity 
absorbed  by  the  length  under  test,  and  in  any  event  must  be  not 
less  than  25  kilovolt-ampere  capacity.  The  time  of  application 
of  the  test  and  test  pressure  shall  be :  Five  minutes  at  a  voltage 
having  a  peak  value  two  and  one-half  times  the  peak  value  of 
the  normal  working  pressure  as  determined  by  spark-gap  in 
accordance  with  the  A.  I.  E.  E.  standardization  rules. 

(b)  Insulation  Resistance  Test.  ( i )  An  insulation  resistance 
test  sliall  be  made  immediately  before  and  after  the  voltage  test.  (2) 
The  measurement  shall  be  made  with  a  direct-current  voltage  of 
not  less  than  100  volts,  the  reading  to  be  taken  after  one  minute's 
electrification,  and  shall  show  no  appreciable  decrease  in  the  value 
of  the  insulation  resistance  between  the  two  successive  measure- 
ments. Measurements  shall  be  made  between  each  conductor 
and  each  of  the  other  two,  and  between  each  conductor  and  the 
lead  sheath.  Any  section  of  cable  which  shows  a  marked  vari- 
ation from  others  of  the  same  type  manufactured  at  the  same 
time  shall  be  held  for  further  examination  and  if  such  varia- 
tions cannot  be  satisfactorily  explained  the  section  shall  be 
rejected. 

(c)  Break-down  Test.  Samples  from  10  to  25  ft.  long  and 
selected  by  the  purchaser  at  random  from  any  cable  lengths  shall 
not  break  down  under  five  times  the  working  pressure  applied  for 
five  minutes  between  all  three  conductors  and  between  conductors 
and  lead  sheath,  after  samples  with  ends  sealed  have  remained 
at  a  temperature  of  150  deg.  fahr.  for  100  hours  in  straight 
single  lengths  with  axes  inclined  15  degrees  to  the  horizontal. 

(d)  Bending  Test.  A  sample  from  any  length  of  cable 
shall  be  bent  around  a  cylinder  having  a  diameter  equal  to  fifteen 
times  the  outside  diameter  of  the  cable  over  the  lead  sheath,  and 
then  be  straightened  out.  It  shall  then  be  bent  in  the  opposite 
direction  around  the  cylinder  and  straightened  out.  This  opera- 
tion shall  be  performed  twice  in  succession,  after  which  the  cable 
shall  be  capable  of  withstanding  a  voltage  test  two  and  a  half 
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times  working  pressure  applied  for  a  period   of  five 
between  the  conductors  and  between  the  conductors  and  the 
sheath,  and  shall  show  no  signs  of  mechanical  or  electrical  inji 
when  dissected. 

Test  After  Installation 

The  cable  shall  be  capable  of  withstanding^  twice  nona! 
working  pressure  applied  between  all  three  conductors  as: 
between  conductors  and  lead  sheath  for  a  period  of  ten  miiinta 
after  being  drawn  into  the  ducts  and  jointed.  An  insolatn 
reisistanoQ  t€^  shall  be  made  immediately  before  and  after  tht 
,, break-down  test,  using  the  method  specified  under  (b-2)  abovt 
and  the  insulation  resistance  shall  not  be  materially  redooe^ 
as  a  result  of  this  test. 

SPECIFICATIONS  FOR  RUBBER-INSULATED  AND  LEAD-COVERED  CABLE 
FOR   OPERATING    PRESSURES   IN   EXCESS    OF    2000    VOLTS 

Common  Mechanical  Specifications 

1  Each  conductor,  except  outer  conductors  of  conccntri: 
cables,  shall  consist  of  not  less  than  the  following  number  o: 
soft-drawn  copper  wires,  free  from  splints,  flaws  or  other  defects, 
having  at  least  98  per  cent  of  conductivity,  based  upon  Matthk- 
sen's  standard  (as  printed  in  the  Supplement  to  the  Transaction 
of  the  A.  I.  E.  E.,  October,  1912),  concentrically  stranded 
together  in  reverse  spiral  layers  and  having  an  aggregate  cross- 
sectional  area  when  measured  at  right  angles  to  the  axes  of  the 
individual  wires  at  least  equal  to  that  corresponding  to  a  spocifie: 
size,  viz. : 

TABLE  A 

2  No.  4  B.  &  S.  G.  and  smaller  One  wire. 

No.  3  B.  &  S.  G.  to  No.  2  B.  &  S.  G.  ...  Seven  wires. 
No.  I  B.  &  S.  G.  to  4/0  B.  &  S.  G.  . . .  Nineteen   wires. 

250,000  C.  M.  to  500,000  C.  M Thirty-seven  wires. 

'600,000  C.  M.  to  1,000,000  C.  M Sixty-one  wires. 

1,100,000  C.  M.  to  2,000,000  C.  M Ninety-one  wires. 

2,100,000  C.  M.  and  larger  One       hundred      and 

twentyrseven  wires. 
Intermediate  sizes  take  the  stranding  of  the  next  larger  listed  size. 

3  The  sheath  shall  have  an  average  thickness  of  not  less 
than  that  indicated  in  attached  tables  and  the  minimum  thicknes: 
shall  in  no  place  be  less  than  90  per  cent  of  the  required  average 
thickness.  The  sheath  shall  consist  of  commercially  pure  lea( 
without  tin,  and  it  shall  be  so  pressed  over  the  insulation  as  t( 
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.  make  a  tight  fit  to  the  end  that  no  voids  or  pockets  between  said 

sheath  and  insulation  shall  exist  in  the  finished  cable.     In  cables 

^having  a  larger  diameter  overall  than  two  inches,  the  sheath  in 

'  addition  to  being  made  of  commercially  pure  lead    shall  be  of 

metal  direct  from  the  original  smelter. 

4  Conductors  shall  be  properly  tinned. 

5  The  insulating  compound  shall  be  made  exclusively  from 
;  pure,  dry,  raw,  wild  South  American  para  rubber  of  best  quality 
'  of  the  grade  known  as  "fine" ;  solid  waxy  hydrocarbons,  suitable 
:  mineral  matter  and  sulphur. 

6  It  shall  be  properly  and  thoroughly  vulcanized. 

7  The  vulcanized  compound  shall  show  on  analysis  free- 
;  dom  from  all  foreign  organic  or  injurious  mineral  matter,  not 

less  than  30  nor  more  than  33  per  cent  of  above  specified  rubber ; 
not  more  than  four  per  cent  of  solid  waxy  hydrocarbons;  not 

*  more  than  one  and  'five-tenths  per  cent  of  rubber  resins;  not 
more  than  seven-tenths  per  cent  of  free  sulphur  and  not  more  than 
two  and  sixty-five  hundredths  per  cent  of  total  sulphur  in  any 
form. 

8  The  manufacturer  shall  submit  to  the  company  a  method 
.  of  procedure  for  chemical  analysis  of  his  compound  for  the 
.   guidance  of  the  company's  chemist,  in  order  that  intelligent  com- 

•  parisons  may  be  made  in  the  event  of  dispute  between  the  manu- 
facturer and  the  company. 

.  9    The  compound  must  be  homogeneous  in  character,  tough, 

,  elastic,  adhere  strongly  to  and  be  placed  concentrically  about 

the  wire  and  in  section  as  stripped  from  the  wire  must  have  a 

specific  gravity  of  not  less  than  one  and  seventy-five  hundredths, 

as  compared  with  distilled  water  at  60  deg.  fahr. 

10  A  sample  of  the  vulcanized  compound,  not  less  than  four 
inches  in  length  and  of  uniform  cross-section  shall  be  cut  from 
the  wire  and  marks  placed  on  it  two  inches  apart.  The  sample 
shall  be  stretched  longitudinally  at  the  rate  of  12  in.  per  minute 
until  the  marks  are  six  inches  apart  and  then  immediately 
released.  One  minute  after  such  release  the  marks  shall  not  be 
over  two  and  one-half  inches  apart.  The  sample  shall  then  be 
stretched  until  the  marks  are  ten  inches  apart  before  breaking. 

11  The  compound  shall  have  a  tensile  strength  of  not  less 
than  1000  lb.  per  square  inch,  based  on  the  original  cross-section 
of  the  test  piece  before  stretch. 
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12  The  above  mechanical  tests  shall  be  made  at  a  tempera- 
ture of  not  less  than  50  deg.  fahr. 

13  Each  and  every  length  of  conductor  shall  comply  wilk 
the  mechanical  and  electrical  requirements  indicated  in  the  id- 
lowing  tables  B,  C,  and  D.  The  tests  at  the  works  of  the  manu- 
facturer shall  be  made  when  the  conductor  is  covered  with  tbc 
vulcanized  compound  and  before  the  application  of  any  covering 
other  than  a  non-waterproof  tape. 

14  Electrical  tests  at  the  factory  on  single-conductor  cables 
shall  be  made  after  at  least  12  hours*  submersion  in  water  and 
while  still  immersed.  The  insulation  test  shall  follow  the  voltage 
test  and  shall  be  made  with  a  battery  of  not  less  than  100  volts 
or  more  than  500  volts,  and  the  reading  shall  be  taken  after  one 
minute's  electrification. 

15  Samples  of  the  above  cables  six  feet  in  length  taken 
from  any  reel  of  cable  must  show  an  ultiinate  dielectric  strengrh 
capable  of  resisting  the  application  of  twice  the  voltage  specified 
above  for  a  period  of  five  minutes  without  failure. 

16  Insulation  resistance  and  electrostatic  capacity  tests 
made  (before  and  after  voltage  tests  as  i)er  table  B).  and  under 
equivalent  temperature  conditions,  must  not  indicate  fatigue  or 
overstrain  of  dielectric. 
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DATA  ON  CABLES  INSULATED  WITH  HIGH  TENSION  RUBBER  CX>MFOiUND 
IN   GENERAL    USE   BY   THE   EDISON    ELEC    ILL.    CO.    OF  BOSTON 


Size 
6 

^    4 
-     2 

2/0 
4/0 


Conductor 

A.W.G. 

u 


Sing. 


6 

4 

2 
I/O 
2/0 
4/0 

6 

4 

2 

I/O 

2/0 


« 
« 

« 
« 
« 

« 
« 


U 
U 
it 

u 
u 

tt 
u 
tt 
tt 
tt 
tt 

tt 
tt 
tt 

tt 
tt 


Rated 

Tbicknest 

Thickness 

Workinif  Prewure 
AC.  or  DC. 

Insulation 
Inches 

Lead  Sbeatb 
Inches 

Cond. 

5,000  volts 

5/32 

Z/2^ 

tt 

5,000     " 

5/32 

3/32 

tt 

5,000 

S/32 

3/32 

tt 

5,000     ** 

5/32 

3/32 

tt 

5,000     " 

5/32 

3/32 

tt 

5,000     " 

5/32 

3/32 

tt 

10,000     " 

• 

7/p 

3/32 

tt 

10,000     " 

7/32 

3/32 

tt 

10,000     " 

7/32 

3/32 

tt 

10,000     " 

7/32 

3/32 

tt 

10,000     " 

7/32 

3/32 

tt 

10,000     ** 

7/32 

3/32 

ti 

15.000     " 

14/32 

3/32 

tt 

15,000     ** 

14/32 

3/32 

•     it 

15,000     " 

14/32 

3/32 

tt 

15,000     " 

14/32 

3/32 

tt 

15,000     " 

14/32 

3/32 

DISCUSSION 

Mr.  Charles  W.  Davis,  Boston  (submitted  in  writing) : 

The  Report  is  so  full  of  interesting  matter  and  so  excellent 
in  the  great  majority  of  its  recommendations  and  suggestions  that 
I  hesitate  to  make  any  extended  comment  upon  the  few  smaller 
details  which  appear  to  be  subject  to  possible  improvement,  for 
fear  of  seeming  hypercritical.  I  trust  my  comments  may  not 
be  thought  as  oflfered  in  that  spirit. 

Re  page  643,  paragraph  i : 

The  Committee  is  possibly  unaware  that  a  very  careful  inves- 
tigation of  conditions  affecting  the  safe  limits  of  loading  of  cables 
was  begun  by  Mr.  H.  W.  Fisher  as  early  as  1890,  culminating 
in  the  immensely  useful  results  obtained  in  1902  in  Niagara  Falls 
under  actual  working  conditions,  and,  in  more  recent  years,  under 
various  experimental  conditions  (see  Standard  Underground 
Cable  Co.'s  Handbook  XVII  or  1906,  XV  of  1897  ^^^  earlier; 
papers  by  Mr.  H.  W.  Fisher  alone  and  in  collaboration  with  Mr. 
R.  W.  Atkinson,  A.  I.  E.  E.  Proceedings,  June,  1905,  and  Feb., 

1913. 

It    is    my    opinion    that    the    greatest    impediment    to    a 

thorough  understanding  and  acceptance  of  the  laws  controlling 
the  safe  limits  of  loading  is  the  unwillingness  of  the  cable  user 
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at  times  to  make  use  of  the  best  data  on  this  subject.  The  dd 
rule  of  one  ampere  per  looo  cm.  is  clung  to  tenaciously  in  some 
quarters,  although  all  experimental  data  on  the  subject  shov 
that,  if  it  be  a  correct  rule  for  one  size  of  conductor  under  a 
given  set  of  conditions,  it  cannot  be  even  approximately  true  far 
a  few  sizes  larger  or  smaller. 

Re  page  643,  last  paragraph : 

From  experiments  we  have  made  we  know  that  the  paper  of 
cable  the  insulation  of  which  is  at  a  temperature  of  93J4  deg. 
c.  continuously  for  three  or  four  weeks  will  become  brittle.  At 
100  deg.  c.  the  paper  will  reach  the  same  condition  in  a  shorter 
time.  It  would  seem  as  though  ten  years  is  much  too  great  a 
life  to  count  upon  for,  say,  2S,ooo-volt  cables,  with  insulation 
heated  to  100  deg.  c,  although  we  know  of  cases  where  cables 
have  continued  to  operate  successfully  at  2200  volts  when  the 
paper  was  so  brittle  that  the  slightest  bend  in  the  cable  would 
break  it. 

Re  page  645,  paragraph  2: 

Except  where  the  cable  in  the  manhole  is  very  heavily  lagged 
it  will,  in  the  majority  of  cases,  be  the  cable  in  the  ducts  at 
ordinary  conduit  depths — not  the  cable  in  the  manhole — which  is 
most  in  danger  from  overheating.  Although  the  soil  at  conduit 
depths  may  be  comparatively  cool  during  the  summer  months, 
the  air  in  manholes  where  no  cable  is  present,  or  if  present,  with- 
out load,  may  be  quite  hot.  The  cable  in  the  manhole,  therefore, 
will,  during  this  season  of  the  year,  be  at  a  disadvantage  (insofar 
as  actual  temperature  is  concerned),  as  compared  with  the  cable 
in  the  ducts.  The  ducts  and  surrounding  earth,  however- 
cooler  though  they  would  be  in  summer  than  the  air  in  the 
manholes,  permit  of  the  dissipation  of  heat  from  the  cable  mud 
less  rapidly  than  occurs  in  the  manholes. 

In  the  winter  the  reverse  conditions  obtain.  The  air  in  the 
manholes,  without  cables  present,  or  if  present  without  current, 
is  usually  much  cooler  than  the  soil  at  conduit  depths.  The  cable 
in  the  ducts,  therefore,  is  at  all  seasons  of  the  year  under  the 
greater  liability  to  damage  through  overheating,  except,  possibly, 
in  the  summer  in  manholes  where  the  cables,  instead  of  being 
left  bare,  are  so  heavily  covered  with  asbestos,  or  .rope  and 
mortar,  or  other  protective  covering,  as  to  approximate  the  rda- 
tively  poor  cooling  conditions  existing  in  the  ducts. 
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Although  the  maximum  temperature  in  the  manhole  (with 

-  unloaded  cable)  probably  varies  pretty  closely  with  the  diurnal 
^  temperature  wave  as  represented  by  the  temperature  of  the  free 
.  air  at  the  street  surface,  the  soil  temperatures  at  conduit  depths 

follow  more  closely  the  integrated  effects  of  the  sunshine  falling 
on  the  street's  surface  at  that  point. 

Without    actual   measurement   of   the    temperature,   which 
i^'  would  have  existed  in  the  duct  had  the  cables  therein  given  off 

•  no  heat  at  all,  it  is  believed  that  the  best  predictions  as  to  its 

-  probable  value  are  based  on  the  general  relationship  between 

•  the  mean  air  temperatures  taken  over  some  considerable  period, 
■    such  as  a  week  or  a  month,  and  the  corresponding  soil  tempera- 

•  tures,  as  found,  for  instance,  by    Prof.  H.  L.  Callendar,  McGill 
University,  Montreal. 

Callendar's  data  show  maximum  temperatures  at  40  inches 
below  the  surface  of — 

41  deg.  for  December,  1894 

42  deg.  for  December,  1895 
38  deg.  for  December,  1896 

These  values  are  about  20  deg.  f.  above  the  mean  monthly 
air  temperature  for  the  same  periods.  Assuming  the  same  con- 
ditions prevailed  at  Boston  in  December,  19 12,  the  soil  at  con- 
duit depths  would  have  had,  at  sometime  during  the  month,  a 
temperature  as  high  as  58  deg.  f.  This  is  8  deg.  f.  higher 
than  assumed  by  your  Report,  but,  possibly  not  as  high  as  actu- 
ally existed,  since  other  data  at  hand  indicate  that  for  different 
soils  and  different  kinds  of  paving  and  weather  from  what  are 
represented  in  the  Montreal. tests,  the  resulting  soil  temperatures 
might  be  considerably  higher.  In  the  absence  of  specific  meas- 
urements of  soil  temperatures  at  conduit  depths  in  various  kinds 
of  soil  with  different  kinds  of  paving  material,  exposed  to  dif- 
ferent amounts  of  sunshine  and  shade,  rain,  snow  and  sleet,  it 
is  probably  not  too  conservative  to  assume  that  for  the  larger 
cities,  such  as  Boston,  New  York,  Philadelphia,  Chicago,  Pitts- 
burgh and  Buffalo,  there  may  be  days  in  December,  even  in 
years  of  normal  seasonal  weather  when  the  soil  tempera- 
ture at  conduit  depths  is  as  high  as  60  or  65  deg.  f.  In  the 
years  of  abnormal  heat  during  the  fall  months  it  may  be  still 
higher. 

If  the  user  of  cable  contemplates  taking  advantage  of  the 

cooler  parts  of  the  year  to  operate  his  cables  at  heavier  load,  it 
11—22 
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would  seem  not  unwise  to  doubly  guard  his  cables  in  hot  wcatbo. 
In  other  words,  where  he  has  spare  cables,  particularly  of  h^ 
voltage,  he  should  use  several  at  light  load  rather  than  one  at 
heavy  load.  It  seems  highly  probable  from  our  knowledge  oi 
the  displacement  of  the  phase  of  the  diurnal  wave  of  tempen- 
ture  and  the  reduction  in  amplitude  as  we  go  below  the  surface 
of  the  soil,  that  the  time  to  look  for  the  overheating  of  cables 
under  constant  load,  insofar  as  it  may  occur  in  the  ducts,  is  not 
during  the  hottest  part  of  the  hottest  day,  nor  even  within  die 
limits  of  that  day,  but  during  the  period  which  may  succeed  the 
hottest  day  or  days  by  a  week,  two  weeks,  or  possibly  longer, 
where  the  conduit  is  at  considerable  depth. 

Re  page  646,  last  paragraph: 

A  load  of  300  amperes  on  4/0  triplex  cable,  or  a  current 
density  of  1.4  amperes  per  1000  cm.  as  suggested,  would  appear 
to  give,  on  the  average,  unduly  high  temperatures  in  the  winter 
on  very  low-voltage  cables  and  temperatures  eventually  destruc- 
tive, in  many  cases,  on  high-voltage  cables. 

From  experiments  our  engineers  have  made,  I  believe  aver- 
age conditions  are  represented  with  a  high  deg^ree  of  probabilit) 
by  the  following  data  in  duct  systems  of  six  or  eight  ducts  (based 
on  Niagara  Falls  tests,  see  data  S.  U.  C.  Co.,  Handbook  XVII. 
pages  192  to  194,  under  which  specific  conditions  the  data  are 
quite  exact) . 

Cable  assumed  to  be,  3-conductor,  4/0,  carrying  300  am- 
peres. 

One  Cable  Four  Cables 

In  DuQt  Sustem.  In  Duct  Sy>tem 

(a)  Rise  of  temperature  of  duct     Dep.  F.  Deg.  c.       Dcgr.  F.  De«.  c 

system  above  the  earth 23  13  75  42 

(b)  Rise  of  temperature  of  insu- 
lation near  conductor  above 

the  duct  system  1 16  64  116  04 


Total  rise  in  temperature..       139  77  191  106 

If  the  temperature  of  the  earth  at 
similar  depth  below  surface 
at  point  removed  from  the 
influence  of  cables  be  taken 
at  an  average  winter  value 
of,  say,  50  deg.  f 50  10  50 


10 


Final  temperatures  attained  in  the 
duct  (not  the  manhole)  will 
be,  from  the  current  flow- 
ing alone,  24  hours  per  day)       189  87  241  n5 


\ 
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-^i.  But  these  temperatures  are  for  cables  heated  only  by  the  cur- 
^.i'ent  in  the  conductors.    For  high-voltage  cable  the  temperatures 

Attained  will  be  much  greater — so  much  greater  as  to  reach,  in 
_  ill  probability,  the  critical  point  at  which  the  rate  of  dissipation 
_^  rf  heat  is  less  than  its  generation — the  temperature  rising  higher 
,  4,"amd  higher  until  breakdown  occurs.     Even  if  we  assume  such  an 

^insignificant  additional  rise  of  temperature  as  23  deg.  f.,  or  13 
_^"d^.  c,  as  being  due  to  the  high  voltage  impressed  on  the  cable 

""^  we  get — 

a-: 

One  Cable  Four  Cables 

r_<^'  In  D.nct  S]rttein.  In  Duct  Sjrstem 

Final   temperatures  attained  for    Deg.  F        Deg.  C.         Deg.  F.         Deg.  C. 

24-hour  load,  high-tension.       212  100  264  129 

With  one  cable  in  the  system  the  temperatures  are  such  that 
_  r  the  paper  becomes  brittle  in  two  or  three  weeks.     With  four 
rr  cables  it  becomes  brittle  in  a  shorter  time. 

If  the  load  is  on  the  cables  only  six  hours  per  day  the  rise 

^:  in   temperature  of  the  duct   system    (a)    might   reasonably   be 

expected  to  be  less  than  the  above  by  15  deg.  f.,  or  8  deg.  c.  for 

'^^.  one  cable,  and  49  deg.  f.,  or  27  deg.  c.  for  four  cables,  thus 

^    giving— 

One  Cable  Four  Cables 

In  Ducf  System  In  Duct  System 

Final    temperature    attained    for     Deg.  F.  Deg.  C.      Deg.  F.         Deg.  c. 

6-hour  load,  high-tension..         197  92  215  102 

The  temperatures  are  still  so  high  that  the  paper  would 
become  brittle  in  a  few  weeks,  even  allowing  for  the  fact  that 
the  cable  is  heated  to  that  temperature  but  six  hours  per  day. 

The  above  values  may,  in  certain  not  unlikely  cases,  be 
^  somewhat  reduced;  in  other  cases,  no  more  unlikely,  they  will 
be  so  much  increased. 

A  test  was  made  to  give  more  light  on  the  combined  effect 
of  dielectric  loss  and  current  loss  as  applied  to  such  cables. 

A  3-conductor,  4/0  B.  &  S.,  7/32-inch  by  7/32  inch  paper, 
lead-covered  cable  was  lagged  slightly  with  felt,  in  order 
to  simulate  the  conditions  of  an  unlagged  cable  in  a  duct,  or  a 
wrapped  cable  in  a  manhole,  and  with  225  amperes  flowing  at  a 
very  low  voltage  through  each  of  the  three  conductors  (which 
were  connected  in  series)  was  brought  to  a  steady  temperature 
for  the  copper  conductors  of  204  deg.  f.  13,700  volts  was  then 
applied  between  the  three  conductors  and  the  sheath,  while  the 
current  was  kept  at  225  amperes   pr  less,  with  the  result  that 
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within  lo  hours  the  cable  conductors  reached  a  temperature  oil 
g8o  deg.  if.,  and  the  cable  then  broke  down.  This  Yoltap 
between  the  conductors  and  the  sheath  would,  with  a  unifon 
dielectric  represent  a  dielectric  loss  about  equal  to  that  of  i 
3-conductor  cable  with  relatively  thick  insulation  operated  t 
about  18,000  volts,  3-phase. 

Re  page  646,  paragraph  2 : 

The  maximum  temperature  of  150  deg.  f.  is  not  acceptable 
to  English  manufacturers ;  yet  the  Standard  Underground  Cable 
Co.  has,  for  years,  oflfered  guarantees  on  cables  when  operated 
at  no  greater  temperatures  than  this  (Handbook  XVII,  1906. 
page  194). 

Re  page  648,  paragraph  2 : 

The  cooling  conditions  under  which  the  cable  operates  are 
largely  determinative  of  what  will  happen    with    high-voltage 
cables.     If  the  cable  is  laid  in  a  duct  system   surrounded  by 
ashes,  or  by  very  dry  sand,  or  by  any  other  material  which  is  a 
particularly    good    heat    insulator,    it    will    require    very  litde 
energy  appearing  in   the   form  of  dielectric    loss    to  carry  it 
to  ultimate  destruction.     High  initial  temperature  of  surround- 
ings is  the  practical  equivalent  of  poor  cooling  conditions  e>en 
though  the  material  directly  around  the  cable  is  of  good  thermal 
conductivity.     I   know   of  instances   where   high -voltage  cables 
operating     at     apparently     conservative     ratings      have    bum: 
up  in  ducts  laid  through  earth  largely  composed  of  ashes,  one 
cable  after  another  failing  at  the  same  point  during  hot  summer 
weather.     Cables  used  within  hot  stations  in  ducts  too  well  insu- 
lated thermally,  as  well  as  aerial  cables  exposed  to  the  hot  sue, 
have  burnt  up  under  what  might  be  assumed  to  be  comparatively 
low  current  loads ;  and  similar  consequences  have  resulted  with 
cables  in  ducts  lying  too  close  to  reheating  furnaces,  such  as  arc 
used  in  rolling  mills.     Even  with  an  absolutely  uniform  dielectric, 
a  spot  would  develop  in  practice  which  would  be  hotter  than  any 
other  part  of  the  cable,  were  the  heating  due  solely  to  current 
flowing  in  the  conductors,  and  not,  in  any  measure,  to  the  leakage 
of  current  through  the  dielectric.     This  is  due  to  the  variation 
in  the  temperature  of  the  duct  structure  or  to  variation  in  its 
capacity  for  dissipating  the  heat  developed  in  the  cables,  or  to 
both  causes.     If  voltage  of  sufficient  amount  is  then  applied  to 
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^  such  a  cable,  it  will  be  this  hot  spot  which  will  go  to  destruction, 
although  electrically  it  was  as  strong  as  any  other  part  of  the 
*-  cable  when  the  insulation  was  at  a  uniform  temperature  through- 
'    out  its  length. 

The  results  of  two  of  a  number  of  experiments,  made  on  the 
heating  of  cables,  may  be  mentioned  to  show  that  it  is  not  neces- 
sarily at  the  weakest  spot  in  the  cable,  but  rather  at  the  spot 
.    where  it  becomes  most  difficult  for  the  cable  to  dissipate  its  heat 
.    that  overheating  and  ultimate  destruction  take  place.     The  first 
,    experiment  was  on  a  piece  of  cable  80  ft.  long,  which,  on  account 
of  the  slight  inequalities  of  thickness  in  the  lagging,  or  slight 
variation  of  temperature  in  the  surrounding  air,  developed  hot 
spots  at  68  ft.  and  51  ft.     When  the  temperature  of  the  sheatb- 
ing  at  the  Si-ft.  point  was  222  deg.  f.  and  that  at  the  68- ft.  mark 
was  218  deg.  f.,  the  lagging  at  those  points  was  removed  for  about 
two  feet  on  each  side.     The  temperature  of  the  lead  sheathing 
began  to  fall  rapidly,  and,  within  four  hours,  the  68-ft.  point 
was  at  a  temperature  of  140  deg.  f.     The  51 -ft.  point  dropped 
in  temperature  to  150  deg.  f.  within  two  hours,  and  then  started 
upward  again  and  two  hours  later  was  at  a  temperature  of  245 
deg.  f.,  and  was  rapidly  going  to  destruction.     The  improvement 
in  cooling  conditions  had  not  taken  place  quite  soon  enough  to 
save  the  51 -ft.  point.     Had  the  lagging  been  removed  but  a  few 
minutes  earlier  the  cable  would  probably  have  been  saved.    Other 
tests  were  made  in  which  hot  spots  were  allowed  to  develop  only 
far  enough  to  show  conclusively  that  the  cable  was  going  to  de- 
struction by  cumulative  heating  at  which  time  the  current  and 
voltage  were  cut  off  and  the  hot  spots  allowed  to  cool  down  to 
room  temperatures.     Then,  after  removal  of  the  lagging  at  the 
hot  spots,  the  current  and  the  voltage  were  re-applied,  whereupon 
it  developed  that  the  former  hot  spots  now  remained  cool. 

The  second  experiment  was  made  to  determine  whether  a 
hot  spot  could  be  developed  at  any  point  on  the  cable  at  will. 
After  the  cable  had  been  brought  to  a  steady  temperature  with 
both  current  and  voltages  applied,  it  was  found  that  a  hotter  spot 
than  the  remainder  of  the  cable  had  developed  at  the  26-ft.  ther- 
mometer and  that  the  45-ft.  thermometer  was  among  the  coolest. 
Extra  lagging  was  added  at  the  45-ft.  point,  and,  after  continuing 
the  test  for  about  48  hours,  it  was  found  that,  while  the  original 
hot  spot  at  26  ft.  had  developed  not  at  all,  the  cool  spot  at  45  ft. 
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had  developed  into  a  hot  spot  and  was  well  on  the  way  to  destnK* 
tion. 

Re  page  649,  paragraph  i : 

When  a  hot  spot  on  high-voltage  cable  becomes  well  started 
toward  destruction  the  rate  of  heating  is  so  fast  that  a  very  con- 
siderable pressure  may  be  generated,  as  much  as  80  lb.  per  sq.  in. 
in  one  experimental  case,  or  sufficient  to  burst  the  lead  sheath- 
ing. The  sheathing  may  burst  at  a  point  many  feet  away  from 
the  hot  spot  which  is  responsible  for  the  existence  of  the  pressure 

Re  page  649,  paragraph  2 : 

It  would  appear  that  the  liability  to  breakdown  of  the  insu- 
lation is  a  function  of  the  cooling  conditions  as  well  as  of  the 
actual  temperature  of  the  insulation.  In  an  experimental  case 
the  conductors  of  a  lagged  cable  were  brought  to  a  steady  tem- 
perature of  177  deg.  f.  by  means  of  a  C^  R  loss  in  the  conducton 
alone  equal  to  4.1  watts  per  foot,  the  sheathing  then  being  at  a 
temperature  of  135  deg.  f.  13,000  volts  were  then  applied  and 
the  cable  went  to  destruction  in  about  48  hours.  A  slightly  lesser 
current  in  the  conductors  previously  applied  was  shown  to  be  in- 
sufficient to  cause  destruction  by  cumulative  heating  at  this  volt- 
age. The  damaged  portion  of  the  cable  was  then  cut  oflf  and  a 
portion  of  the  remainder,  with  the  lagging  removed,  was  brought 
to  a  conductor  temperature  of  279  deg.  f.  and  lead  temperature 
of  138  deg.  f.,  with  18  watts  C-  R  loss.  13,000  volts  were  then 
applied,  and  after  a  few  hours  it  was  found  that  the  temperature 
was  rising  so  rapidly  at  one  spot  that  destruction  of  the  cable 
was  probably  inevitable,  though  a  matter  possibly  of  some  days. 
A  slightly  lesser  current  previously  applied  was  shown  to  be  insuf- 
ficient to  cause  the  cable  to  go  to  destruction  by  cumulative 
heating,  although,  of  course,  a  temperature  of  279  deg.  f.  would 
have  caused  destruction  of  the  cable  ultimately  by  slow  chemical 
changes.  It  is  not  the  slow  process  we  are  concerned  with  here, 
however,  but  rather  the  rapid  destruction  by  rapid  increase  in 
temperature  after  the  critical  temperature  for  that  particular 
cooling  condition  has  been  reached.  It  would  thus  appear  that 
the  critical  temperature  of  insulation  at  which  the  cable  would 
continue  upwards  to  the  point  of  destruction,  is  higher  in  a  well- 
cooled  cable  than  in  a  poorly  cooled  cable.  In  other  words,  the 
better  the  cooling  conditions  the  higher  the  temperature  at  which 
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the  insulation  may  be  worked  for  the  same  factor  of  safety 
against  the  more  or  less  rapid  destruction  due  to  cumulative 
heating. 

Re  page  649,  last  paragraph : 

Is  the  evidence  conclusive  that  the  insulation  will  not  ulti- 
mately be  ruined  by  running  the  cable  at  a  temperature  near 
the  danger  point? 

Experiments  on  lagged  cable  under  laboratory  conditions 
show  that  where  a  hot  spot  is  developed  and  allowed  to  go  to 
destruction,  there  may  be,  and  usually  are,  other  points  on  the 
cable  where  the  insulation  has  been  heated  beyond  the  safety  point 
— the  insulation  showing  signs  of  brittleness  and  even  of  charring. 
In  other  words,  the  suggested  ^'safety  valve"  action  of  the  spot 
which  burns  out  first  is  inadequate,  in  short  lengths  of  cable  at  least, 
to  protect  the  remainder  of  the  cable.  It  is  doubtful  if  the  recom- 
mended course  of  running  cables  to  their  limit  of  heating  may 
be  pursued  even  with  longer  lengths  than  those  experimented 
upon  without  grave  danger  to  the  remainder  of  the  cable.  Tests 
at  13,000  volts  and  with  a  C-  R  loss  approximating  4.1  watts  per 
ft.  on  a  piece  of  3-conductor  cable  130  ft.  long,  lagged  to  approx- 
imate subway  conditions,  show,  in  one  case,  that  at  the  time  the 
hottest  spot  had  gone  far  enough  toward  destruction  to  burst 
the  lead  sheathing  (although  the  cable  did  not  break  down  at 
this  point  until  the  voltage  had  been  raised  to  17,000),  two  other 
hot  spots  had  developed  to  a  point  where  the  insulation  was 
seriously  damaged. 

By  the  use  of  thermometers  applied  directly  to  the  lead 
sheathing,  and  exploring  resistance  thermometers  which  were 
passed  lengthwise  through  specially  made  hollow  conductors,  we 
know  that  the  temperature  of  the  dielectric  at  the  sheathing 
and  near  the  conductors  was  about  as  follows: 

Temperature  of 
Conductors  Sheathing 

At    81  ft. — the  hottest  spot 435  deg.  f.  310  deg.  f. 

At    49  ft. — the  next  hottest  spot  ...330       "  272       " 

At  118  ft. — the  next  hottest  spot  ...310       "  265       ** 

The  dielectric  even  at  these  secondary  hot  spots  had  been  at 

a  temperature  of  200  deg.  f.,  or  more,  for  five  hours  before  the 

hottest  spot  caused  the  bursting  of  the  lead  sheath ;  and  at  the 

discontinuance  of  the  test  it  was  found  to  be  quite  brittle  and, 

in  places,  somewhat  charred. 
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If  we  assume  one  spot  existing  originally  very  much  woki 
than  the  rest  of  the  cable  and  it  "lets  go,"  as  described,  and  tt 
acts  as  a  safety  valve,  will  not  the  removal  of  that  very  wdk 
fault  leave  the  cable  nearer  the  general  average   of  strengih: 
If  so,  the  heating  of  the  cable  until  the  second   weakest  sfiot 
lets  go  must,  in  reality,  be  heating  it  to   a    point  nearer  tk 
danger  zone,  and  with  each  fault  developed   and   removed,  tk 
safety  valve  action  is  decreased  to  the  vanishing  point.    As  tie 
factory  and  installation  tests  operate  to  remove  the  weak  spoti, 
if  any  exist,  it  seems  only  reasonable  to  assume  that  the  part  d 
prudence  is  not  to  operate  the  cable  near  the  danger  point. 

Re  page  663,  paragraph  i : 

Since  equity  must,  in  the  long  run,  be  the  condition  of 
maximum  good  to  buyer  and  seller  alike,  anything  whid 
makes  for  the  attainment  of  that  end  is  certainly  worth  striving 
for.  A  slight  modification  of  the  wording  of  this  clause  will 
it  is  believed,  more  surely  bring  about  this  result. 

The  manufacturer  obviously  is  at  fault  only  so  far  as  he 
uses  poor  materials  or  poor  workmanship  in  the  making  and 
installing  of  the  cable.  His  responsibility  for  breakdowns,  thcrt- 
fore,  should  most  reasonably  be  limited  to  the  result — not  of  the 
faults  or  misfortunes  of  the  buyer — but  of  his  own  faults.  SiiKc 
the  manufacturer  has  absolutely  no  control  over  the  cable  after 
it  is  put  into  service  by  the  buyer  and  has  no  knowledge  of, 
and  cannot  affect  the  conditions  under  which  it  operates,  he  is 
obviously  not  at  fault  if  the  cable  breaks  down  through  the 
deteriorating  influence  of  current  overloads  or  surges,  either 
of  excessive  values  for  short  durations  or  of  moderate  values 
often  repeated — by  no  means  infrequent  occurrences,  although 
few  operating  companies  keep  continuous  records  of  them. 

If  the  manufacturer  is  asked  to  assume  the  responsibility 
for  such  breakdowns  the  cost  of  insurance  against  this  risk 
must  be  added.  The  difficulty,  or  rather  impossibility,  of  acctt- 
rately  detemiining  this  cost  of  insurance  will  make  it  necessary 
for  the  manufacturer  to  add  a  sum  sufficient  to  protect  him— 
not  against  the  few  breakdowns  he  hears  of  as  actual  occur- 
rences on  a  system  well  equipped  with  surge  protectors  and 
operated  with  the  utmost  conservatism  as  regards  the  load ;  not 
against  unfavorable  switching  conditions,  nor  even  against  the 
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— :inuch  larger  number  of  breakdowns  which  have  developed  on 

=^^  systems  representing  average  conditions ;  but  against  the  greater 

5  number  which  will,  in  all  probability,  develop  in  the  future  on 

-^  the  average  system  after  the  incentive  for  conservative  use  of 

^?  the  cable  has  been  weakened  or  largely  removed  by  shifting 

■■:  the  penalty  for  the  user's  possible  abuse  of  the  cables,  or  lack 

'(•>  of  care  in  their  operation,  to  the  shoulders  of  the  manufacturer. 

High-voltage  cables,  being  particularly  vulnerable  to  heavy 

current  overloads,  especially  in  hot  weather,  will,  on  the  average, 

develop  more  breakdowns  from  abuse  or  careless  handling  than 

low-voltage  cables.     In  the  absence  of  complete  records  of  the 

load  on  that  particular  cable  the  user  may  honestly  feel  that 

the  manufacturer   is   responsible   for   something  which   is  the 

user's  fault  alone. 

Re  page  664,  paragraph  4 : 

The  testing  of  cable  lengths  at  150  deg.  f.  should  be  limited 
to  sections  taken  at  random  and  preferably  representing  but 
a  small  percentage  of  the  total  amount  of  cable,  if  the  cost  of 
the  cable  is  to  remain  more  or  less  unaffected,  as  the  additional 
heating  devices  and  the  time  required  for  the  cable  to  attain 
this  temperature  must  largely  increase  the  cost  of  manufacture 
and  seriously  retard  the  rate  of  delivery. 

Re  page  664,  paragraph  2 : 

It  is  doubtful  if  the  manufacturer  can  learn  whether  the 
lead  he  gets  from  the  smelters  is  freshly  mined  ore  or  not.  If 
the  intention  is  to  have  the  lead  freshly  smelted  or  to  obtain 
assurance  that  it  has  not  been  used  for  other  purposes,  a  change 
in  wording  to  this  effect  would  be  desirable. 

Re  page  665,  paragraph  2: 

It  is  my  belief  that  tests  of  five  times  the  working  pressure 
applied  for  five  minutes  on  samples  from  10  to  25  ft.  in  length 
are  so  great  as  to  defeat  the  ends  of  the  buyer.  Four  times  the 
working  pressure  for  voltages  not  above  25,000,  and  a  lesser 
factor  for  higher  working  pressure,  are  certainly  adequate  to 
determine  the  character  of  insulation  entirely  suitable  for  con- 
tinuous operation  at  the  working  pressure  stated.  To  make  the 
test  equal  to  five  times  the  working  voltage  where  it  is  equal 
or  less  than  25,000  will  almost  assuredly  require  the  manufac- 
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turer  to  increase  the  thickness  of  insulation  and  hence  the  cost  of 
cable  beyond  what  the  working  conditions  require  and  for  voltages 
above  25,000  it  is  quite  conceivable  that  it  would  impose  a  condi- 
tion practically  impossible  of  achievement. 

The  experiments  referred  to  herein  were  carried  out  for 
me  by  Mr.  R.  W.  Atkinson,  who  also  made  most  of  the  cako- 
lations. 

Mr.  W.  H.  Cole,  Boston  (submitted  in  writing) : 

The  Committee  has,  as  usual,  done  valuable   work,  as  fe 

indicated  by  the  information  brought  together  in  this  report   I 

beg  leave  to  present  the  following  comments: 

Specifications  for  Paper-Insulated  Cables 

It  seems  to  me  that  until  actual  bending  tests  are  made  on 
foreign-made  paper-insulated  cables  in  direct  comparison  wi4 
American-made  cables,  it  would  be  unwise  to  include  any  rigid 
bending  tests.  Experience  in  the  inspection  of  paper-insulated 
cables  for  the  Boston  Edison  Company  during  the  past  two  years 
shows  that  certain  American  manufacturers  can  meet  in  many 
samples  the  most  rigid  bending  test  yet  proposed,  but  thus  far  the 
uniformity  of  results  obtained  does  not  warrant  the  hope  that 
ever}'  cable  tested  will  meet  such  a  test.  There  being  so  mud 
doubt  expressed  on  all  sides  as  to  the  actual  interpretation  01 
allowable  damage  on  account  of  bending,  and  the  certain  knowl- 
edge that  some  dair.age  must  occur  in  any  bending^  of  papier  cables. 
it  seems  unfair,  at  this  tirr.e.  to  assume  that  American  manufac- 
turers, as  a  class,  cannot  produce  cables  to  meet  the  foreign  idea 
of  what  is  proper. 

hisu  'atin  c  Material 

I  would  suiigest  the  following  as  being  descriptive  <  so  far 
as  the  piirchascT  ought  to  describe"^  oi  cable  oil :  **A  compoond 
guaranteev:  :o  retain  i:s  initial  qualities  during"  the  life  of  the 
cable,  or  riv  t  :.^  v'.eve'vTp  any  injurious  chen^ical  action  inritfain  itsdi 
or  with  any  v^ther  c:n:>?ner.t  of  a  nnished  cable."  Be>'ond  this. 
I  believe  the  buver  s:::u:c  n::  sDecifv.  Darticularlv  if  the  initial 
tests  on  the  cable  are  satisfactory  10  him.  Sticky,  adhcsire  qual- 
ities r.:aY  r.:t  :.eoessan!y  be  desirable  qualities:  therefore,  we 
shotilvi  be  ver>'  careful  not  to  specify  what  may  be  iacoosistxsX 
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Tests 

The  Committee  should  report  more  specifically  regarding  the 
effects  of  frequency  in  testing  cables.  So  far  only  general  state- 
'  ments  have  been  made  covering  this  point,  apparently  unsup- 
ported by  actual  data.  The  reference  to  peak  voltages  seems  to 
be  new  and  not  in  line  with  general  recommendations  calling  for 
sine  wave  forms  of  testing  potentials.  This,  I  believe  to  be 
unwise,  in  view  of  recent  agitation  for  improved  testing  appa- 
ratus. It  is  also  inconsistent  with  the  recommendations  of  the 
Committee  on  Electrical  Apparatus,  as  given  in  its  Report. 
In  view  of  the  disclosures  in  the  Report,  bearing  on  heat- 
ing of  dielectrics,  it  seems  advisable  to  raise  the  insulation 
resistance  requirements  or  change  the  temperature  co-efficients 
of  the  dielectrics  in  order  to  reduce  the  cumulative  heating  effect 
due  to  leakage  at  high  potentials. 

Specifications  for  Rubber-Insulated  Cables,  etc. 

It  appears  to  me  that  a  few  changes  are  desirable,  based  on 
two  years'  experience  in  purchasing  under  substantially  the  speci- 
fications outlined. 

1  Manufacturers  should  adhere  strictly  to  a  specification 
requiring  a  tight  fit  between  the  lead  sheath  and  the  dielectric. 
Certain  cables  are  so  insulated  as  to  not  permit  of  this  construc- 
tion. 

2  Certain  revisions  should  be  made  in  the  chemical  speci- 
fications, such  as  omission  of  lamp-black  and  red-lead,  and  a  limi- 
tation should  be  placed  upon  the  amount  of  rubber  extractive 
matter. 

3  A  very  important  requirement  not  yet  covered,  to  my 
knowledge,  in  any  mechanical  tests  specified  for  rubber-insu- 
lating compounds,  is  one  to  cover  the  allowable  mechanical 
fatigue  of  such  compounds  under  continued  tensile  stress  due  to 
bends  made  during  and  existing  after  installation. 

4  Serious  objections  are  made  by  manufacturers  to  the  volt- 
age rating  of  rubber  cables,  as  given  in  the  specifications.  For 
this  reason  much  attention  should  be  given  to  a  standardization 
of  working  pressures  allowable  for  such  rubber  compounds. 

Mr.  Abbott:  In  reply  to  Mr.  Davis'  gentle  rebuke  that 
the  Committee  was  possibly  unaware  of  the  work  of  Mr.  H.  W. 
Fisher,  of  the  National  Underground  Cable  Co.,  I  call  attention 
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to  the  fact  that  the  Committee,  in  its  report,  states  its  full  cog- 
nizance of  Mr.  Fisher's  excellent  analytical  work,  though  the 
statement,  as  it  now  stands,  is  a  somewhat  modified  form  of  de 
previous  one:  "It  does  not  appear  that  a  sufficiently  coni|Jctc 
investigation  has  ever  been  made  to  determine  the  safe  limits  of 
loading  under  the  various  conditions  to  which  such  caUes  arc 
subjected."  This,  we  believe,  does  not  detract  from  the  excdknt 
work  done  by  others,  but,  at  the  same  time,  we  are  of  the  opinioQ 
that  a  good  many  important  topics  bearing  on  this  subject  and 
taken  up  in  this  report  have  never  been  completely  considered 
or  discussed. 

We  gladly  abide  by  Mr.  Davis'  criticism  of  paragraph  8, 
as  the  version  appearing  in  the  Convention  copy  of  the  report  is 
worded  so  as  to  be  somewhat  misleading.  It  was  intended  to 
have  this  paragraph  merely  bring  home  the  fact  that  the  destrwc- 
tive  effect  of  excessive  heating  is  proportional  largely  to  4c 
length  of  time  that  heat  is  endured,  and,  as  the  peak  load  on 
lines  on  most  systems  is  of  short  duration  only,  this  fact  enters 
materially  into  the  determination  of  the  length  of  life  of  caHe. 
The  paragraph  has  since  been  rewritten  to  more  clearly  bring 
out  this  point. 

Following  his  criticism  pertaining  to  load  on  lines,  I  wish  to 
emphasize  what  must  be  borne  in  mind,  that  the  present  ratini: 
of  cables  in  most  central-station  systems  is  based  on  a  daily 
load  curve,  the  average  of  which  is  very  much  belo\v  the  peak,  and 
that  full  loads  are  carried  but  a  comparatively  short  time  each 
day.  An  examination  of  an  annual  load  curve  of  any  operating 
company  will  make  this  point  clear. 

Mr.  Davis*  table  of  temperatures,  I  take  to  be  ultimate  tem- 
peratures, scarcely  attained  with  ordinary  or  average  load  con- 
ditions. The  maximum  load  of  average  systems,  and,  conse- 
quently, the  maximum  load  on  lines,  as  a  general  proposition 
lasts  scarcely  an  hour  each  day,  and  this  length  of  time  is  not 
likely  to  permit  the  cables  to  even  approach  ultimate  tempera- 
tures. 

Concerning  his  criticism  in  regard  to  test  voltage,  this  is 
conforming  to  specifications  used  by  foreign  companies. 

The  remaining  part  of  Mr.  Davis'  criticism  I  believe  to  be 
a  valuable  contribution  to  the  subject  under  discussion,  and  I 
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trust  that  the  next  Committee  will  give  it  the  consideration  it 
deserves. 

To  me,  Mr.  Cole's  remarks  on  the  bending  tests  are  rather 
severe.  This  particular  test  was  prescribed  in  conformity  with 
the  cable  specification  prepared  by  Messrs.  Merz  and  McClellan, 
but  deprived  of  much  of  its  original  severity.  The  English  speci- 
fications call  for  bending  the  cable  six  times  in  successively  oppo- 
site directions  around  a  cylinder  12  times  the  diameter  of  the 
cable  over  the  lead  sheath.  These  specifications  last  year  called 
for  performing  the  bending  operation  but  four  times.  This  year 
a  further  decrease  in  the  severity  of  the  test  was  made  by  increas- 
ing the  diameter  of  the  drum  over  which  the  cable  was  to  be 
bent  from  12  times  to  15  times  the  cable  diameter.  As  the 
crucial  test  to  determine  the  effect  of  these  bending  operations 
lies  in  the  application  of  the  voltage  test,  little  concern  need 
be  felt  relative  to  actual  interpretation  of  allowable  damage  on 
account  of  bending. 

The  proposed  form  of  definition  for  insulation  given  by  Mr. 
Cole  is,  I  believe,  not  sufficiently  far-reaching.  A  good  many 
breakdowns  have  been  attributed  to  the  extreme  fluidity  of  the 
compound,  causing  the  latter  in  cables  resting  in  positions  deviat- 
ing from  the  horizontal  to  seek  the  lowest  levels  at  anything 
higher  than  most  moderate  temperatures.  These  specifications 
were  intended  to  secure  impregnating  compoiinds  of  sufficient 
viscosity  not  to  suffer  such  displacement,  a  result  which  could 
scarcely  be  obtained  under  Mr.  Cole's  specifications.  The  expul- 
sion of  all  air  and  moisture  is  likewise  an  important  item  as  the 
pressure  of  these  might  not,  in  all  cases,  be  revealed  by  a  break- 
down test  of  short  duration,  especially  after  installation. 

As  Mr.  Cole  states,  there  is  a  total  absence  of  information 
relative  to  the  effect  of  frequency  in  testing  cables  and  this 
is  an  extremely  broad  and  perhaps  an  interesting  subject,  which 
we  are  glad  to  leave  for  the  next  Committee  to  consider. 

Concerning  the  spark  method  of  determining  peak  values  of 
test  voltage,  it  was  the  Committee's  opinion  that  this  did  not  nec- 
essarily mitigate  against  the  highly  desirable  tendency  to  use 
machines  of  good  sine  characteristics,  but,  at  the  same  time,  it  is 
a  safeguard  and  assures  that  in  the  tests  a  peak  value  of  voltage 
will  be  used  corresponding  at  least  to  the  peak  value  of  the 
equally  effective  value  of  a  sine  wave.     One  of  two  specifications 
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was  necessary ;  viz.,  to  stipulate  the  spark  method  or  to  spe 
machines  of  perfect  sine  wave  characteristics.  The  Comm 
chose  the  former  as  being  more  easily  complied  with. 

In  Mr.  Cole's  recommendation  concerning  increased  in* 
tion  resistance,  or  what  he  terms  changed  temperature  cocffi( 
of  the  dielectric,  which,  I  take  to  mean  less  diminished  insuh 
resistance  at  higher  temperature,  lies  an  interesting  and  extrc 
important  problem  for  our  manufacturers.  Mr.  Cole's  comn 
concerning  specifications  for  rubber-covered  cable  present  sc^ 
new  thoughts,  and  the  Committee  begs  to  commend  them  t( 
most  serious  consideration  of  its  successor. 

The  Chairman:  The  next  number  on  our  program 
afternoon  is  a  paper  by  Mr.  H.  H.  Rudd,  of  Pittsburgh,  ent 
"Transformers  for  Power  Transmission." 


TRANSFORMERS  FOR  POWER  TRANSMISSION 

Much  has  been  written  regarding  the  part  that  the  trans- 
former has  played  in  the  development  of  the  electrical  industry, 
by  making  it  possible  to  utilize  the  more  distant  sources  of  power, 
whether  of  water,  coal  or  culm  at  the  mouth  of  a  mine.  For  the 
transformer  manufacturer,  however,  one  of  the  most  interesting 
and  important  developments  at  the  present  time  is  not  the  equip- 
ment for  distant  sources  of  power,  but  that  required  by  the 
concentration  and  centralization  of  the  sources  of  power  and 
their  local  distribution. 

In  Mr.  Insull's  speech  made  before  the  Franklin  Institute, 
is  given  briefly  an  idea  of  what  are  to  be  the  economies  of  the 
future.  The  transformer  has  a  very  important  part  to  play  in  the 
work  outlined.  It  is  the  piece  of  apparatus  that  makes  it  possible 
to  tie  together  town  and  country,  railway  and  industrial  loads, 
for  the  betterment  of  plant  efficiency  by  an  improved  diversity 
factor. 

The  many  small  generating  stations  over  the  country  must  nec- 
essarily in  time  be  replaced  by  the  much  more  economically  main- 
tained sub-stations  of  large  central  stations.  Such  sub-stations 
and  their  loads  are  now  being  made  the  subject  of  careful  study 
by  central  stations.  It  is  interesting  to  note  the  choice  made  by 
a  number  of  power  transmission  companies  of  voltage  for  dis- 
tribution where  there  are  a  number  of  small  communities  to  be 
supplied.  The  voltage  must  be  high  enough  for  economical  trans- 
mission and  yet  not  so  high  that  the  cost  of  substation  equipment, 
consisting  of  transformers,  switching  and  protective  apparatus, 
is  too  great  to  make  possible,  from  the  small  community  and 
farm  load,  a  fair  return  on  the  capital  invested.  The  higher  the 
voltage  chosen,  the  greater  must  be  the  size  of  the  individual 
load  to  justify  the  installation. 

In  considering  the  small-capacity  high-voltage  transformer 
it  is  well  to  have  a  fair  idea  of  the  effect  of  size  on  cost.  In  this 
type  the  cost  of  the  terminals  and  bushings  is  practically  inde- 
pendent of  size.  The  cost  of  labor  increases  but  little  with  the 
kilovolt  amperes,  so  that  for  very  small  transformers  little  saving 
can  be  made  by  going  to  an  extremely  small  size.  A  minimum  in 
size  is  thus  reached  which  we  will  say  is  the  smallest  size  that 
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IS  commercially  practical,  and  that  size  is  such  that  a  further 

reduction  in  capacity  of  50  per  cent  reduces  the  cost  by  not  more 

than  10  per  cent.    The  smallest  commercial  sizes  under  such  a 

definition  will  be  approximately: 

For  11,000  volts  2j4  kilovolt  amperes 

"    22,000     "  10 

"    33,000     "  15 

"    44.000     "  15 

"    66,000     "  25 

The  figures  that  are  interesting  to  the  central  station  include 
not  only  the  costs  of  the  transformers  but  of  the  switching  and 
protective  equipment,  including  the  necessary  substation  costs. 

The  development  at  moderate  cost  of  an  outdoor  transformer 
and  its  switching  and  protective  equipment  and  of  an  inexpensive 
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Fig.  I.     Relation  Between  Cost  of  Installation  and  Transmission 

Voltage 
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three  single-phase  transformers  of  one-third  the  capacity.  Ths' 
are  on  the  basis  of  60-cycle  and  include  costs  of  transfonnoi,' 
switching  and  protective  equipment,  structure  and  estimated  001 
of  installation. 

A  great  deal  has  been  written  on  the  subject  of  3-pha 
versus  single-phase  transformers.  On  transformers  of  soal 
capacity  and  high  voltage,  the  constant  or  nearly  constant  eteon 
of  cost  which  enters  in  is  a  very  large  proportion  of  the  total, 
and  a  3-phase  transformer  may  show  up  considerably  to  tk 
good  on  price  and  performance  when  compared  with  the  cost  of 
three  single-phase  transformers  of  one-third  the  capacity.  Tk 
use  of  two  single-phase  transformers  of  larger  size  connected  ia 
open  delta  seems  to  answer  the  arguments  also.  The  partica!» 
advantage  of  the  singl6-phase  transformer  for  this  service  b 
that  the  single-phase  has  lower  first  cost  and  the  first  step  io 
developing  a  load  can  be  easily  accomplished  by  a  single-pha« 
installation.  When  the  load  grows,  the  next  step  is  the  additioD 
of  another  single-phase  unit,  the  two  being"  connected  in  opo 
delta,  thus  better  distributing  the  load  over  the  phase  of  the  sys- 
tem. This  arrangement  will  provide  for  taking  3-phase  powo 
contracts.  As  the  combined  load  grows,  the  third  transforiMr 
may  be  added,  completing  the  delta. 

There  has  been  a  very  decided  and  marked  growth  in  business 
the  past  year  in  small-capacity  high- voltage  transformers; 
that  is,  transformers  for  capacities  up  to  100  or  150  kilovoh- 
amperes  and  voltages  above  16,500.  A  statement  that  the  instal- 
lations have  been  as  many  this  past  year  as  in  all  years  previous 
would  not  be  much  of  an  exaggeration.  The  growth  has  been 
phenomenal,  for  three  reasons.  The  power  and  transmission 
companies  have  realized  the  importance  of  the  electrification  of 
the  small  community  and  the  farm,  and  manufacturers  have  put 
on  the  market  a  thoroughly  reliable  transformer  at  moderate 
price.  A  big  factor  also  has  been  the  development  of  outdoor 
switching  equipment  of  low  cost  to  meet  the  demand. 

A  requisite  for  strong  and  permanent  growth  is  that  the 
additions  shall  be  along  broad  standard  lines.  It  is  desired  to 
emphasize  this  point,  which  is  in  the  nature  of  a  plea  for  stand- 
ardization along  the  line  of  voltages  and  taps. 

In  this  class  of  high-voltage  distribution  a  problem  that 
often  confronts  the  transmission  company  is  what  voltage  shall 
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%t  used  for  the  local  distribution.  A  considerable  load  perhaps 
,^18  available  at  no  volts  near  the  sub-station  and  the  balance  of 
""load  some  distance  away.  It  is  apparent  at  first  sight,  on  account 
_;  of  the  greatly  decreased  cost  per  kilovolt-ampere  that  a  trans- 
r*^""  former  having  a  double  low- voltage  winding  will  be  the  right 
~7*fliing,  one  winding  at  no  volts  to  supply  the  load  near  by  and 
_^the  other  at  2300  volts  to  take  care  of  the  more  distant  demand. 
^"^  Assume  that  a  community  will  require  100  kilovolt-ampere  capac- 
"^  ity  and  of  this  about  75  per  cent  will  be  required  at  1 10  volts  and 
*'  the  balance  at  2300  volts,  for  a  mill  located  some  distance  away. 

*  It  is  quite  possible  to  make  a  transformer  of  such  design,  but  to 
;  provide  proper  clearance  for  insulation  and  the  special  terminal 
^  board  may  mean  a  transformer  of  slightly  larger  parts,  resulting 

-  in  greater  cost  and  poorer  performance.    At  a  future  time   the 

•  deniand  for  the  same  percentage  of  2300  and  no  volt  supply 

-  may  change,  and  the  transformers  which  have  been  bought  for 
the  local  conditions  will  no  longer  meet   requirements.      One 

-  installation  may  require  75  per  cent  at  no  volts  and  25  per  cent 
at  2300  volts,  whereas  another  may  require  the  proportions 
reversed  or  altogether  different  proportions. 

If  we  nhould  represent  say  a  50  kilovolt-ampere  22,000- volt 
transformer  as  having  a  price  of  100  units,  the  price  of  a  50 

-  kilovolt-ampere  with  two  low-tension  windings  would  be  approxi- 
8  mately  10  per  cent  more  than  the  standard,  or  no  units.  It  is 
'     true  that  this  is  considerably  cheaper  than  two  units,  one  of  15 

kilovolt-amperes  and  the  other  of  37^^  kilovolt-amperes,  each 
stepping  down  from  line  voltage,  one  for  2300  and  the  other  for 
no  volts,  low  tension.  It  is  also  probably  less  in  first  cost  than 
the  cost  of  a  so-kilovolt-ampere  standard  22,000-volt  transformer 
plus  the  cost  of  a  15-kilovolt-ampere  standard  2200-volt  distrib- 
uting transformer. 

The  transmission  line  often  passes  farms  where  there  is  not 
sufficient  load  to  make  it  worth  while  to  tap  the  main  line  but 
enough  to  be  very  desirable  if  it  could  be  taken  care  of  at  a 
lower  voltage.  The  most  economical  way  is  to  step  down  at  the 
center  of  distribution  and  run  either  way  on  the  transmission 
pole  line  at  a  lower  voltage.  Where  a  town  is  a  center  of  distri- 
bution, as  is  often  the  case,  it  may  apparently  be  advisable  to  use 
a  double  low-voltage,  one  for  2300-volt  distribution  and  the  other 
for  the  voltage  used  on  the  farm  line. 
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Looked  at  from  the  point  of  performance  and  real  flexibiii^, 
however,  the  advantage  seems  to  He  with  the  transformer  baviif 
a  single  low-tension  winding.    These  arguments  will,  of  ooni*. 
not  hold  for  every  case,  but  they  do  hold  for  the  transfonneti 
under  consideration,  that  is,  of  small  capacity  and  high  vdtagt 

The  natural  flexibility  of  the  transformer  is  responsible  aho 
for  the  number  of  series-multiple  requirements  of  high-tenaoa 
and  low-tension  windings,  some  of  which  are  easy  of  provisk* 
and  do  not  complicate  the  design,  whereas  others  are  very  difficok 
to  meet. 

Provision  can  be  made  on  the  high-tension  side  for  scries 
parallel  arrangement,  but  this  is  a  feature  which  adds  to  the  coa 
of  the  transformer.  If  a  majority  of  central  stations  have  need 
of  such  a  combination  in  their  distribution  systems,  then  the 
standard  transformer  should  be  built  to  meet  such  requirementi 
There  seems  to  be  a  well-recognized  demand  that  where  a  voltage 
of  220  is  required  on  the  low-tension  side,  provision  for  no 
volts  by  multiple  connection  should  be  provided.  This  require- 
ment is  reasonable  and  can  be  easily  obtained.  For  440  volts, 
low  tension,  a  multiple  arrangement  of  220  can  readily  be  given 
In  view  of  the  number  of  uses  for  no,  220  and  440  volts,  a 
transformer  havinq^  the  low-tension  designed  for  obtaining  afl 
three  voltages  might  be  a  logical  standard. 

Requirements  for  a  low-tension  having  ten  low-tension  coils 
in  parallel  for  220  and  placed  in  series  for  2200  are  not  easy  :<• 
obtain  and  would  result  in  greater  cost  and  complications.  Is 
the  need  for  such  a  combination  the  need  of  the  majority  of 
users?  A  requirement  of  2300  and  575  volts  is  not  so  bad,  as  it  is  a 
four-part  symmetrical  arrangement;  2300  and  460  volts,  a  five- 
part  arrangement,  is  not  symmetrical  and  requires  more  liberal 
construction.  With  the  necessity  for  series  parallel  arrangement 
to  provide  taps  is  extremely  difficult  if  not  altogether  out  of  tbc 
question. 

A  point  on  which  there  seems  to  be  the  mosrt  diversi- 
fied usage  is  the  one  of  taps.  On  this  question  there  is  a  great 
difference  of  opinion.  Some  power  companies  are  using  trans- 
formers having  four  2]/^  per  cent  taps ;  others  3,  6  and  9  per  cent 
taps;  others  five  2  per  cent  taps;  others  4j^,  9  and  13J4  per 
cent  taps.  These  are  the  more  common  ones.  Some  require 
eight  taps  totalling  18  per  cent;  others  10  taps  for  10  per  cent 


"^*lie  number  of  special  requirements  is  almost  legion.  The  argu- 
-^^«nt  is  not  made  that  any  one  of  the  aforementioned  voltage  tap 
<TTangements  is  of  necessity  the  right  way,  but  there  is  no  deny- 

*  -tig  the  fact  that  it  is  surely  wrong  to  have  so  many  different 
:  rrrangements. 

r^  One  of  the  greatest  drawbacks  to  the  good  of  the  industry 

is  the  needless  special  requirements  of  individual  compa- 

One  company  desires  one  arrangement;    another  wants 

T^^omething  different — not  very  different,  but  yet  enough  so  to  make 

t    impossible   for  the  manufacturer   to   use  stock   designs   and 

jie^tock  parts. 

-  The  transformer  is  a  very  flexible  piece  of  apparatus  and  its 

—  very  flexibility  makes  it  a  plaything  in  the  hands  of  many.  The 
-"manufacturer  in  order  to  make  the  apparatus  as  nearly  perfect 
^.^s  possible  would  cut  out  all  taps  and  all  features  which  tend  to 
--^nriake  complications.  The  power  user  would  have  a  variety  of 
-^.taps   so  that  the  transformer   could   be   used   for  any   and   all 

-.conditions. 
— .  Is  there  not  a  middle  course  that  can  be  agreed  upon  between 

_£. user  and  maker   which  would  result  in  a  piece  of  apparatus  flex- 
-f   ibie  enough  for  all  practical  purposes,  yet  not  too  complex  for 
.  -the  manufacturer  to  make  well?    It  is  believed  that  for  90  per 
cent  of  the  power  transmission  companies  transformers  having 
_^^  certain  high-tension   voltage  and   taps  and  certain   low-tension 
voltage  and  taps  could  be  agreed   upon  as  standard.     Such  a 
-  standardization  would  work  for  the  srood  of  the  manufacturer  in 
■^  his  not  having  to  provide  something  just  a  little  different  for 
.^    every  case.    It  would  work  to  the  advantage  of  the  power  com- 
panies by  enabling  them  to  obtain  quicker  deliveries  from  the 
manufacturers  and  eventually  lower  prices. 
[^  It  is  difficult  for  anyone  who  has  not  been  concerned  with 

^   the  manufacturing  process  to  understand  the  tremendous  total 
waste  of  effort,  the  loss  in  costs  of  designs,  the  demands  on  manu- 
facturing information  and  the  chances  for  errors  in  production 
that  follow  even  slight  differences  in  design. 
'  To  make  the  first  cost  of  the  transformer  low  and  render 

^  practical  the  distribution  on  a  small  scale  of  high  voltages  it  is 
'■  necessary  to  eliminate  the  space  required  for  a  multiplicity  of 
"•    taps  and  complicated  terminals  boards. 

*  The  transformer  has  been  a  most  flexible  piece  of  apparatus 
^-     in  that  it  can  very  readily  be  built  to  meet  local  conditions.   Local 
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conditions  there  are  and  always  will  be,  bnt  these  can  iot^ 
most  part  be  met  by  standard  apparatus.  Transtbnners  fani^ 
these  special  features  cannot  command  as  £^eat  a  secoodhaodv 
salvage  value  when  the  need  for  them  has  passed.  The  stuioi 
loaded  up  with  special  apparatus  could  not  be  appraised  at « 
high  a  figure  as  if  the  equipment  were  standard.  A  purdoxr 
in  calling  for  certain  voltage  requirements  limits  his  transfonom 
to  his  use  only.  Manufacturers  cannot  afford  to  carry  slocfa 
or  stock  of  parts  for  special  apparatus  when  the  market  is  lindlri 
to  the  purchases  of  one  company.  However,  the  voltage  das«i 
which  are  standard  are  well  recognized  and  generally  adheni 
to.  The  trouble  lies  not  there  but  in  the  requirements  for  tap! 
above  and  below  the  standard,  series,  multiple  arrangements,  ett 
The  question  of  taps  must  be  looked  at  from  two  points: 

( 1 )  The  total  variation  in  voltage  obtainable. 

(2)  The  number  of  taps  into  which  total  variation  is  to  be 
divided  or  the  percentage  variation  per  step. 

In  any  general  distribution  scheme  what  is  the  allowable 
drop  between  source  of  power  and  load  within  ^vhich  satisfadocy 
service  can  be  maintained?  Is  it  5,  10,  15  per  cent  or  some  inter- 
mediate percentage?  Does  95  per  cent  of  the  load  lie  within  the 
district  which  can  be  fed  with  a  drop  of  not  over  10  per  cent? 
If  so  is  it  advisable  that  all  of  the  transformers  be  provided  witt 
features  that  are  needed  for  only  5  per  cent  of  the  cases?  How 
closely  is  the  voltaj^^e  to  be  maintained  constant  at  any  giver 
point?  If  it  were  slightly  above  or  below  that  pKDint,  how  would 
the  service  differ? 

Do  not  the  variations  in  service  throughout  the  day  exter'! 
over  a  much  greater  range  than  i  or  2  per  cent,  which  are  tw 
variations  in  tap  voltages  often  asked  for?  It  is,  of  course,  d:^ 
feasible  to  make  changes  in  the  taps  hourly  to  follow  the  voltai:! 
fluctuations.  Where  very  close  regulation  must  be  obtained,  int 
solution  is  the  use  of  a  potential  regulator. 

These  questions  have  been  raised  to  ascertain  if  there  i?  n-^ 
a  total  variation  in  tap  voltage  which  will  fit  most  conditit:yn?. 
and  percentage  variations  which  will  meet  most  conditions.  W'd 
these  agreed  iipoti,  they  will  become  standards,  and  any  condi- 
tions which  cannot  be  met  by  them  will  of  necessity  be  regarded 
as  special  and  to  be  met  by  special  apparatus. 

The  transformers  of  to-day  have  voltage  taps  and  feature 
widely  varied.     The  transformers  of  the  future  should  be  bid 
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^out  along  standard  lines.  With  an  adopted  standard  manu- 
^  facturers  can  work  towards  bringing  the  apparatus  to  a  high 
^state  of  perfection;  the  performance  will  be  improved,  the  cost 
"  reduced.  It  will  work  to  the  advantage  of  the  purchaser ;  it  will 
'aid  the  manufacturer  by  the  elimination  of  much  needless  work 
'  in  designing. 

Any  power  customer  having  need   for  transformers  other 

than  these  suggested  standards  will  have  need,  therefore,  for 

"  special  apparatus  which  must  be  built  to  meet  his  requirements. 

Features  differing  from  the  accepted  standard  will  be  recognized 

"  as  such — the  performance  poorer,  the  cost  greater  and  the  delivery 

longer  than  for  a  standard  make.     The  standard  lines  must  be 

made  with  respect  to  the  greatest  good  for  the  greatest  number. 

The  question  of  standards  is  not  a  theoretical  but  a  practical 

and  operating  one,  and  must  be  decided  by  the  operating  men. 

To  the  National  Electric  Light  Association  as  representing  the 

operating  men    this  question   is  put.     The  manufacturers  will 

gladly  welcome  anything  that  can  be  done  and  mean  to  co-operate 

in  every  way. 

The  Chairman:  If  there  is  to  be  no  discussion  let  us 
proceed  with  the  next  paper,  "Electric-Railway  Loads  on  Central 
Stations,"  by  Mr.  E.  P.  Dillon,  of  Pittsburgh. 


ELECTRIC-RAILWAY  LOADS  ON  CENTRAL 

STATIONS 

The  problem  of  combining  electric-railway  loads  and  go. 
tral-station  loads  on  one  system  has  received  increasing  attatki' 
in  recent  years,  and  in  some  of  the  cities  of  this  country  gnt 
strides  have  been  made  toward  effecting  such  combinations  sac- 
cessfully. 

The  problem  is  naturally  one  of  economics,  and  it  will  donii- 
less  be  found  that  each  plant  requires  a  solution  of  its  ovm  sp^ 
cial  conditions,  so  that  no  broad  rules  can  be  advanced  to  cover al 
cases.  However,  the  writer  is  of  the  opinion  that  central-statia 
operators  have  not  given  the  subject  the  careful  study  its  impor- 
tance warrants.  It  is  hoped  that  this  paper,  by  calling  ana- 
tion  to  a  few  well-known  cases  where  central  stations  arc  canj- 
ing  railway  loads,  and  by  emphasizing  some  features  that  make 
such  loads  desirable  business  for  central  stations,  a  few  of  og: 
companies  may  be  induced  to  look  about  them  and  secure  profit- 
able business  previously  passed  by,  under  the  assumption  that  t 
was  not  desirable. 

Practically  every  large  central-station  company  is  noi 
cquipj)ed  with  a  well-organized  commercial  department,  acti«:y 
engaged  in  going  over  the  district  with  a  fine-toothed  combu 
get  additional  customers  for  either  power  or  light ;  and,  in  a  very 
large  majority  of  our  cities,  a  customer  having  a  connected  load 
of  one  or  more  horse  power  receives  careful  attention  and  hif 
business  is  actively  solicited,  while  the  local  railway  is  over- 
looked. Yet  here  is  a  customer  offering  a  load  of  several  hundrci 
or  possibly  several  thousand  horse  power  at  a  fair  load-faa-: 
and  at  what  is  now  increasingly  appreciated — an  excellent  power- 
factor. 

The  Commonwealth  Edison  Co.,  of  Chicago,  is  to-day  carrv- 
ing  a  larger  railway  load  than  any  other  central  station  in  tht 
States.  Here  the  well-defined  policy  of  combining  all  loads 
under  one  centralized  organization  has  been  so  successfully 
demonstrated  in  practical  operation  as  to  need  but  passing  com- 
ment. Advantage  has  been  taken  of  the  diversity  factor  bet^'ea 
the  regular  power  and  lighting  load  and  the  railway  load,  with 
the  result  that  the  investment  in  generating  stations  has  bee 
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reduced  materially  over  what  would  have  been  expended  if 
these  loads  had  been  carried  separately.  No  doubt  the  load  taken 
by  the  Commonwealth  Company  with  such  successful  results  in 
this  respect  has  proven  a  favorable  precedent  in  prompting  other 
important  central-station  companies  to  obtain  contracts  for  large 
blocks  of  power  from  the  railway  companies  in  their  respective 
cities. 

The  Detroit  Edison  Co.  also  sells  a  large  amount  of  power  to 
the  Detroit  United  Railways  Co.  In  New  York  City  the  Third 
Avenue  Railway  Co.  a  short  time  ago  contracted  with  the  Edison 
Company  for  the  purchase  of  all  power  required,  the  central- 
station  company  in  turn  taking  over, the  operation  of  the  main 
generating  station  of  the  Third  Avenue  Railway  Co.  This  power 
station  is  now  operated  in  connection  with  other  generating  sta- 
tions of  the  Edison  Company,  the  former  running  a  part  or  all 
the  time,  as  best  economy  and  load  conditions  require.  The 
Railway  Company  has  an  arrangement  by  which  it  secures  space 
for  substation  apparatus  in  such  substations  of  the  Edison  Com- 
pany as  are  located  in  territory  not  now  served  by  the  Railway 
Company's  substations.  This  naturally  results  in  a  material  sav- 
ing in  substation  investment,  as  it  eliminates,  to  a  great  extent, 
the  duplication  of  high-tension  lines  and  substations. 

Philadelphia  represents  another  instance  of  the  central-sta- 
tion company  carrying  a  large  block  of  the  city  railway  load.  The 
Philadelphia  Electric  Co.  is  now  carrying  a  considerable  load  of 
the  Philadelphia  Rapid  Transit  Co.,  and  will  add  more  from  time 
to  time  as  sub-stations  now  under  construction  are  completed.  In 
this  case  the  Electric  Company  will  shortly  be  furnishing  cur- 
rent for  both  25-cycle  and  6o-cycle  sub-stations.  Twenty-five- 
cycle  current  for  the  Railway  Company's  rotary  converter  sub- 
stations is  now  being  supplied  through  frequency  changers  from 
the  6o-cycle  generating  station,  but  will  probably  be  furnished 
later  directly  from  a  25-cycle  generating  equipment. 

The  contract  between  the  Cleveland  Electric  Illuminating 
Co.  and  the  Cleveland  Railways  Co.  represents  a  very  interest- 
ing phase  of  this  subject.  The  Railway  Co.  has  heretofore  been 
strictly  a  direct-current  system.  Several  direct-current  generat- 
ing stations  were  operated  and  power  carried  direct  to  the  trol- 
leys through  very  heavy  feeders.  The  road  naturally  outgrew 
this  system  of  power  supply.    Complete  plans  for  a  generating 
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station  with  requisite  sub-stations  were  drawn  up  and  accunu 
estimates  compiled. 

The  Cleveland  Electric  Illuminating  Co.,  being  awake  ta  its 
opportunities,  submitted  a  proposition  to  sell  power  to  the  Rail- 
ways Co.  in  lieu  of  the  construction  of  the  power  house.  This 
naturally  raised  a  question  on  the  part  of  the  Railway  Company 
as  to  which  would  be  cheaper — to  buy  power  from  the  Illuroinat- 
ing  Company  or  to  build  its  own  power  house  and  generate 
power. 

This  problem  was  very  carefully  studied  for  several  weds 
by  a  Board  of  Engineers  representing  the  two  companies  inter- 
ested and  the  City  of  Cleveland,  the  latter  having  supervisioD 
of  all  expenditures  for  betterments  made  by  the  Railways  Oxn- 
pany.  The  findings  of  the  Board  were  in  favor  of  purchased 
power  and  a  contract  was  entered  into  for  a  block  of  15,000  kilo- 
watts. The  details  and  terms  of  this  contract  have  been  pub- 
lished in  the  technical  press,  and  are  too  voluminous  to  give 
in  a  paper  of  this  kind. 

The  sub-stations  are  owned  and  operated  by  the  Railways 
Company,  and  with  a  view  to  securing  maximum  efficiency  and 
maintaining  the  integrated  power-factor  at  or  near  unity,  60-cyde 
rotary  converters  were  adopted  in  preference  to  motor-generator 
sets,  the  supply  system  of  the  Illuminating  Company  being  60 
cycle.  In  this  contract,  the  feature  of  the  customer  earning  a  pre- 
mium for  high-power  factors  and  vice-versa  is  rather  unusual. 
In  operation,  it  results  in  mutual  benefit  and  satisfaction  to  boti] 
the  customer  and  the  central  station. 

Many  other  cities  have  companies  that  have  joined  together 
wholly  or  in  part  to  their  mutual  satisfaction  and  profit,  but  no 
attempt  can  be  made  to  list  all  such  cases  in  this  paper. 

The  rapid  growth  of  systems,  bringing  the  control  of 
both  classes  of  utilities  under  one  head,  renders  the  problem 
simpler  in  some  cases  than  if  it  were  merely  a  question  of 
selling  power  to  a  railway  company.  Another  factor  that  should 
tend  to  increase  the  railway  loads  carried  by  central  stations  is 
the  plan  now  being  developed  in  many  sections  to  serve  an  area 
of  a  large  radius  from  one  well-equipped  central  station.  Such 
stations  are  planned  to  replace  the  smaller  lighting  plants  and 
they  should  likewise  be  able  to  displace  the  smaller  railway 
generating  stations. 
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Let  us  now  consider  in  detail  some  of  the  factors  that  make 
it  possible  for  a  central  station  to  take  over  a  rotary  load  par- 
tially or  completely.  Take  the  case  of  a  railway  operating  from 
direct-current  generating  stations.  There  are  several  such  roads 
at  the  present  time  throughout  the  country,  and  even  some  sub- 
urban roads  are  so  operated.  It  is  only  a  question  of  time  when 
the  service  will  grow  to  a  point  where  the  direct-current  system 
is  not  adequate  and  the  road  must  make  some  change  to  get 
enough  power.  For  such  a  road  to  install  a  generating  station 
using  alternating-current  apparatus  and  transmitting  to  substa- 
tions generally  means  a  new  station  throughout  with  a  rather 
heavy  investment,  since  the  present  equipment  probably  is  not 
modem  enough  to  go  with  new  up-to-date  apparatus. 

The  substation  problem  is  practically  the  same  whether 
power  is  purchased  or  generated.  It  thus  becomes  a  question  of 
the  central  station  making  a  rate  more  attractive  than  the  cost  of 
generating  the  power  with  all  its  attendant  expenses.  Such  prob- 
lems warrant  close  study,  and  care  must  be  taken  to  include  in 
the  result  all  the  items  that  properly  belong  to  each  phase  of 
the  problem.  However,  compared  with  an  efficient,  well-organized 
central  station  it  hardly  seems  reasonable  to  suppose  that  a  rail- 
way company  could  be  able  to  build  a  power  house  adequate  for 
its  needs  and  generate  power  cheaper  than  the  central  station 
could  furnish  it,  even  at  rates  to  ensure  a  fair  profit. 

The  writer  had  an  opportunity  recently  to  study  such  a  case. 
An  interurban  road  had  reached  the  point  where  it  required  more 
power.  True,  the  available  records  of  station  output  were  not 
very  accurate  or  much  in  detail.  This  fact  will  be  met  with  more 
frequently  than  one  would  at  first  expect  in  the  case  of  the  smaller 
roads.  On  the  results  arrived  at  from  a  preliminary  study,  there 
was  not  much  of  an  advantage  either  way.  This  was  largely 
due  to  inability  to  accurately  determine  demand,  load-factor  and 
total  output.  However,  the  results  were  sufficiently  favorable  to 
purchased  power  to  warrant  the  central  station  company  in  instal- 
ling the  necessary  meters  in  the  power  house  of  the  railway  com- 
pany and  keeping  accurate  records  to  determine  the  real  require- 
ments of  the  road.  The  final  outcome  was  a  contract  to  sell  to 
the  road  all  its  power  requirements,  and  after  several  months' 
operation  under  the  contract,  the  railway  company  expresses  itself 
very  positively  as  entirely  satisfied  with  the  bargain. 
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In  some  cases  a  railway  company  may  be  forced  to  make 
extensions  to  its  power  system,  but  a  more  urgent  necessity  may 
be  found  for  the  use  of  available  funds  in  betterments  of  road- 
bed, equipment,  etc.  Here  is  where  the  central  station  can  step 
in  and  take  over  perhaps  a  part  of  the  power  load  with  very 
little  increase  in  its  own  capacity  and  yet  save  money  for  the 
railway  company.  The  result  is  that  a  profitable  customer  is 
secured. 

Another  rather  unusual  case  is  as  follows :  A  large  system  in 
one  of  our  cities  had  been  obtaining  power  from  other  rail- 
ways in  certain  sections  of  the  city  where  it  had  no  substations 
or  power  lines,  and  it  in  turn  supplied  power  to  these  same 
roads  in  localities  where  it  had  power  houses  and  substations. 
Following  a  segregation  of  the  railway  companies  of  the 
city  this  company  found  itself  with  lines  operating  in  sections 
of  the  city  where  it  had  no  power  and  could  not  put  powder  itself 
without  an  expensive  installation  of  high-tension  feeders  and  sub- 
stations. The  central  station,  on  the  other  hand,  covering  the 
entire  city  could  easily  sell  power  to  the  railway  through  its  sub- 
stations, thereby  relieving  the  railway  company  of  a  heavy  expen- 
diture and  avoiding  a  duplication  of  investment. 

Diversity  factor  is  another  important  point  to  consider  in 
combining  loads.  Mr.  Insull,  in  his  excellent  paper  "The  Relation 
of  Central  Station  Generation  to  Railway  Electrification.''  pre- 
sented before  the  A.  T,  E.  E.,  brings  this  point  out  very  strongly. 
In  this  paper  he  shows  the  tremendous  saving  in  investment 
that  would  result  were  all  the  loads  in  such  centers  as  New  York 
or  Chicago  supplied  from  one  system  and  advantage  taken  of 
the  diversity  factor. 

Closely  allied  to  diversity  factor  is  the  problem  of  reserve 
capacity.  Assume  the  railway  company  to  have  its  separate  gen- 
erating station  with  a  peak  load  of  5000  kw.  and  an  average  load- 
factor  between  40  and  50  per  cent.  It  would  then  be  necessary 
to  install  at  least  three  2500-kw.  units  with  no  allowance  for 
growth,  thus  holding  one-third  of  the  station  capacity  as  reserve. 
On  the  other  hand,  if  this  load  were  taken  by  a  central  station 
having  a  peak  load  of  15,000  kw.  and  a  load-factor  of  40  per 
cent,  such  a  station  would  probably  have  three  7500-k\v.  units, 
keeping  the  largest  unit  at  all  times  as  a  reserve.  To  add  the  rail- 
way load  to  the  existing  central-station  load  woujd  require  prob- 
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FlC.    2— CoMltCNEU   LlOHT,    PoWEB   AND   RAILWAY    LoAD 

])lant  capacity  is  reserve  and  in  addition  there  is  provision  loi 
considcrabli'  fjnuvth  in  both  power  and  railway    work. 

This  comparison  is  based  on  the  assumption  that  the  ptal 
loads  of  tlic  two  systems  arc  simultaneous.     In  many  cases  wher 
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S  obtainable  portion  of  the  railway  load  is  a  smaller  proportion 
the  central-station  load,  it  will  be  found  possible  to  carry  such 
ad  with  the  usual  reserve  capacity,  thereby  requiring  no  addi- 
3tial  investment  for  generating  equipment. 

The  claim  has  been  made  that  railway  loads  are  undesirable 
r  central  stations,  since  the  peaks  of  the  two  systems  may  be 
incident,  and  the  central  station  company  should  have  capacity 
er  and  above  its  requirements  sufficient  to  carry  the  railway 
ad.  This  is  true  to  a  certain  extent  only.  Referring  to  Fig.  i, 
is  well  known  that  the  railway  peak  is  fixed  at  some  time 
tween  5  :oo  p.  m.  and  6  :oo  p.  m.  throughout  the  year,  while  the 
fhting  peak  swings  from  probably  4:00  p.  m.  to  7:30  p.  m., 
ith  the  seasons.  As  illustrated  in  the  curve,  it  will  be  seen  that 
e  two  peaks  are  coincident  twice  during  the  year.  Depending 
K>n  the  nature  of  the  central  station  load,  whether  largely  light- 
g  or  largely  power,  these  lines  cross  or  may  keep  together  for 
considerable  time.  Even  in  the  worst  condition,  where  the  two 
jaks  fall  together,  there  will  be  found  a  considerable  diversity 
.ctor.  In  addition  it  will  be  found  that  the  load  factor  is 
ipcoved  by  the  railway  load,  and  it  is  an  open  secret  that  the 
presentatives  of  central  station  companies  are  very  desirous 
:  picking  up  loads  where  it  can  be  shown  that  the  load  factor  in 
e  system  will  be  improved. 

Fig.  2  shows  a  typical  day-load  curve  of  a  city  railway,  a  cen- 
al-station  light  and  power  load,  and  the  combined  load  of  the 
ihvay  with  the  light  and  power.  This  total  curve  shows  that  the 
ilway  load  has  not  materially  affected  the  characteristics  of  the 
fht  arid  power  load.  The  peaks  happen  to  be  almost  coincident, 
it  the  load  factor  is  increased  6.9  per  cent,  or  from  60.5  per  cent 
67.4  per  cent. 

Fig*  3  shows  a  load  similar  to  Fig.  2,  but  in  addition  this 
stem  carries  a  small  interurban  road.  This  curve  shows  a 
orning  peak  almost  equivalent  to  the  evening  peak,  and  the 
ad  factor  is  increased  from  68.4  per  cent  for  the  light  and  power 
ad  to  71.5  per  cent  for  the  entire  system.  The  suburban  load 
such  a  small  portion  of  the  total  that  its  effect  is  almost 
sgligible. 

Figs.  4  and  5  are  typical  urban  railway  loads  and  a  suburban 
lilway  Joad  on  the  scale  of  the  total  system,  also  magnified 
veral  times  to  get  a  true  idea  of  the  characteristics  of  the  load. 

11—28 
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Except  on  the  very  large  systems,  practically  all  cod 
tions  operate  at  60  cycles.  In  the  earlier  development  ot 
work  a  frequency  of  25  cycles  was  generally  adopted.  1 
ference  in  the  frequency  may  be  a  handicap  tn  certai 
making  it  difficult  for  the  central  station  to  take  on  a 
load.     In  recent  years,  however,  there  has  been  a  market 


in  railway  practise,  and  we  now  find  a  large  part  of  new 
work  utilizing  60  cycles.  There  is  a  very  good  reason 
change.  At  the  outset,  the  25-cycle  rotary  converter  of 
far  the  most  rt'liablc  and  satisfactory  medium  for  trans 
from  alternating-current  to  direct-current  for  trolley  serv 
motor-generator  has  never  been  a  serious  competitor  of  tl 
converter  on  25-cycle  systems. 
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Further,  as  the  railway  system  was  intended  to  supply  only 
railway  load,  the  lower  frequency  suited  the  conditions  very  well. 
'However,  following  the  move  to  combine  numerous  towns  under 


one  control,  furnishing  light  and  power  to  large  areas  from  one 
central  point,  we  find  a  growing  tendency  to  take  on  railway 
loads  as  well  and  furnish  power  for  the  entire  field  from  one 
source. 
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This  change  has  been  made  possible  not  only  by  economic 
reasons  but  in  a  lar^  measure  by  improvements  in  6o-cycle  con- 
version apparatus,  such  as  rotary  converters.  The  modern  Bo- 
cycle  rotary  converter  is  now  a  thoroughly  reliable  piece  oi 
apparatus  and  is  available  in  sizes  as  large  as  conditions  reqm 
There  are  now  in  service  a  number  of  2000-kw.  60-cycle  rttoj 
converters  on  railway  systems. 

Two  instances  may  be  of  interest  as  illustrating  the  mvked 
tendency  of  the  light  and  power  requirements  to  dominate  thosed 
the  railway.  In  one  case  a  well  established  traction  company  ojici- 
ating  on  a  25-cycle  system  began  an  active  campaign  for 
in  the  light  and  power  field  throughout  its  territory.  T»^ 
practically  all  the  2S-cycle  apparatus — both  generating  and 
tior. — has  been  replaced  by  60-cycle  and  the  entire 
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now  on  a  60-cycle  basis.  In  another  case,  a  railway  * 
decided  to  put  in  a  new  power  system,  selecting  25  cycles  ttiK 
irequency,  due  to  the  importance  at  that  time  of  the  raUw^loil 
plans  were  made  to  extend  over  a  considerable  area  and  t4e 
over  numerous  towns,  going  after  the  power  markeL  Wbeni 
t-areful  s^idy  of  the  possibilities  was  made  it  was  found  that  Ac 
li^ht  and  power  load  would  in  a  very  short  time  outstrip  ftt 
railway  load  and  that  to  give  service  from  the  new  power  syston 
wnuM  ri'quiro  a  heavy  invcslmciK  in  frcquenrv  cliangers,  wilh 
the  resulting  lo.'-sc'-  uf  transfoiniation.  The  outcome  was  a  deci- 
sion to  change  the  frequency  to  60  cycles.  Apparatus  "t 
accordingly  ordered  and  installed  for  the  higher  frequency  and 
is  now  carrying  tlic  combined  load  with  entire  satisfaction. 

Motor-generators  were  formerly  utilized  on  60-cyclc  system; 
in  preference  to  rotary  converters,  but  with  the  improvements  in 
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for  operation  at  unity  power  factor  or  for  operation  with 

current  to  correct  for  low  power  factor.    The  apparatus 

do  all  this  if  properly  operated,  but  unless  closely  looked 

will  not  inherently  give  such  desirable  results.     In  other 

the  field  of  the  motor  must  be  adjusted  at  all  changes  of 

I,  and  this  can  be  done,  if  necessary,  by  an  automatic  regu- 

The  rotary  converter,  on  the  other  hand,  may  be  so  pro- 
^portioned  that  it  can  be  automatically  operated  at  an  average 
power  factor  ver}'  close  to  unity.     In  one  substation  con  tain- 
three  isoo-kw.  rotary  converters  on  a  regular  city  railway 
id,  the  average  power  factor  for  several  months  has  been 
re  99  per  cent.    Equally  good  results  have  been  obtained  in 

substations. 

In  submitting  a  proposal  to  sell  power  to  a  railway  company 

rate  offered  should  be  determined  only  after  a  very  careful 

idy  of  the  problem.    While  the  average  railway  company  is 

le  of  a  transportation  specialist  than  a  power  specialist,  and 

central  station  is  the  latter,  still  a  well-organized  railway 

ly  knows  the  game  pretty  well  and  is  doubtless  in  a  posi- 

to  state  its  costs  and  what  it  can  afford  to  pay  for  power. 

other  words,  where  a  railway  company  has  a  power  station 

good  operating  condition  it  will  be  a  difficult  matter  for  the 

itral  station  to  make  a  rate  which  will  warrant  shutting  down 

power  plant  and  still  yield  a  revenue  profitable  to  the  central 

itton.  A  careful  analysis  and  study  will,  however,  in  many  cases 

out  conditions  which  would  make  the  purchase  of  power  by 

railway  company  desirable  and  profitable  to  both  parties  to 

le  contract. 

In  general,  the  advantages  of  railway  load  to  the  central  sta- 
^^on  are: 

A  single  customer  taking  a  large  block  of  power. 
Improvement  in  load  factor  of  the  system. 
Load  carried  at  high  power  factor. 
A  customer  having  generally  a  growing  business. 
A  customer  of  known  credit. 

One  important  favorable  result  in  carrying  combined  light, 
;  power  and  railway  loads  on  one  station  or  system   is  the  p05si- 
wlity  of  utilizing  larger  units  with  their  corresponding  increase 
.n  ciBSciency  of  operation,  and  reduction  in  the  cost  of  unit  pro- 
duction. 
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As  stated  in  the  beginning,  it  cannot  be  assumed  that 
central  station  can  take  over  the  railway  load  of  the  terri 
serves,  but  it  is  the  opinion  of  thd  writer  that  the  electr 
ways  offer  to  central  stations  a  very  profitable  field  for 
sales  and  one  that  has  not  as  yet  received  the  study  its  imp 
merits. 

The  writer  wishes  to  express  his  thanks  and  appreci; 
the  operating  engineers  who  have  so  willingly  fumisht 
and  information,  making  possible  the  presentation  of  thii 

The  Chairman:    Mr.  Dillon's  paper  is  now  open 
cussion.     If  there  be  no  discussion  we  will  hear  tlie  paj 
pared  by  Mr.  W.  A.  Darrah,  of  Pittsburgh,  on  Late  E 
ments  in  the  Flame  Carbon  Arc  Lamp. 


LATE  DEVELOPMENTS  IN  THE  FLAME 

CARBON  ARC  LAMP 

As  a  result  of  the  growth  and  development  of  our  larger 
ities  and  the  broader  understanding  of  the  principles  of  pros- 
"^Mrity  which  is  rapidly  being  acquired  by  business  men,  there 
arisen  an  insistent  demand  for  more  and  better  light.  This  is 
important  factor  in  community  life  to-day.  Towns  which 
\  few  years  ago  were  contented  with  barely  enough  street  illu- 
"Tiination  to  avoid  obstacles  are  now  insisting  on  having  each 
business  thoroughfare  a  "Great  White  Way/'  while  the  little 
rillag^s  which  existed  entirely  without  street  lights  until  lately, 
nave  now  realized  the  money  value  of  illumination  and  are  rival- 
ing each  other  and  even  larger  towns  in  an  abundance  of 
street  illumination. 

Naturally,  the  new  demands  have  been  for  larger  and  more 
efficient  lighting  units,  for  apparatus  which  will  produce  the 
required  light  flux  with  the  minimum  of  cost  and  the  maximum 
of  reliability.  In  the  present  instance  the  industry  has  kept  pace 
with  the  demands,  and  the  long-burning  flame  carbon  arc  lamp  is 
the  result. 

It  is  the  purpose  of  this  paper  to  consider  briefly  some  of 
the  problems  which  have  been  solved  in  commercializing  a  lamp 
of  this  type.  The  problems  will  be  considered  from  the  point 
of  view  of  the  operating  man  with  the  idea  of  indicating  what  per- 
formance and  service  may  be  expected  from  a  flame  carbon  arc 
lamp. 

The  flame  carbon  arc  lamp  is  a  large  energy  unit,  in  the  sense 
that  the  high  electrical  and  luminous  efficiencies  and  the  large 
light  flux  are  obtained  with  between  440  and  600  watts  at  the  ter- 
minals. It  is  somewhat  more  efficient  on  alternating-current  cir- 
cuits than  on  direct-current  circuits,  but  operation  is  equally  reli- 
able and  satisfactory  under  either  condition.  From  25  cycles  to 
130  cycles,  and  even  higher,  the  light  is  intense  and  free  from 
excessive  flicker,  while  the  life  per  trim  is  long  and  the  operation, 
therefore,  economical.  Because  of  these  characteristics,  a  flame 
carbon  arc  lamp  is  peculiarly  adapted  to  the  lighting  of  streets, 
large  areas,  factories  and  shops.     In  other  words,  the  flame  car- 


714 

bon  lamp  is  equally  satisfactory  wherever  a  large  energy  unit  is 
required,  either  out  or  indoors.   • 

In  passing  upon  the  degree  of  success  with  which  any  kind 
of  apparatus  operates,  it  is  necessary  to  have  some  criterion  and 
a  well-defined  idea  of  the  operating  conditions  and  requirements. 
From  the  standpoint  of  operating  conditions  it  seems  safe  to  say 
that  the  arc  lamp  is  without  exception  given  less  attention  and  is 
subjected  to  more  severe  service  and  more  abuse  than  any  other 
piece  of  commercial  electrical  apparatus.  It  is  at  once  a  chemical 
laboratory,  an  electric  furnace,  a  nicely  balanced  mechanical  dt- 
vice  and  an  electrical  machine,  which  is  alternately  frozen  and 
baked,  well  saturated  with  water  and  entirely  dried  out.  These 
service  conditions  added  to  the  effects  of  the  weather,  make  an 
arc  lamp,  unless  properly  and  well  constructed,  subject  to  unusu- 
ally heavy  depreciation.  It  is,  therefore,  imperative  that  the  cen- 
tral-station engineer  satisfy  himself  that  the  design  and  construc- 
tion of  the  lamp  are  satisfactory,  and  that  the  factors  of  safety  are 
ample. 

Briefly  stated,  the  essential  requirements  are  in  the  order 
of  their  importance:  First,  reliability;  second,  minimum 
demand  for  attention;  third,  economical  and  satisfactory  per- 
formance, and  fourth,  satisfactory  illumination. 

Leaving  aside  the  consideration  of  carbons,  which  has  been 
previously  treated,*  these  requirements  may  be  classed  as  mechan- 
ical and  electrical  features.  While  the  operating  engineer  usually 
and  rightly  stops  with  the  enumeration  of  these  points,  it  becomes 
the  work  of  the  designing  engineer  to  analyze  each  requirement 
into  its  elements  and  to  make  certain  that  his  design  will  meet 
the  service  demands. 

An  analysis,  then,  of  the  requirements  given  shows  that  on 
the  mechanical  side,  to  cover  the  first  and  second  essentials,  the 
construction  should  be  weatherproof,  that  all  parts  should  be 
made  from  materials  which  are  not  subject  to  appreciable  deterio- 
ration under  service  conditions,  and  that  friction  must  be  kept  at 
a  minimum,  initially  and  after  severe  service. 

To  secure  a  maximum  of  reliability  with  minimum  attention, 
as  well  as  economical  and  satisfactory  performance  from  the  elec- 
trical side,  operating  temperatures  should  not  be  excessive,  tfie 

♦See  a  paper  presented  by  the  author  before  the  joint  meeting  of  the 
A.  I.  E.  E.  and  I.  E.  S.  at  Boston,  February  17,  1913. 
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Under  the  heading  of  statics  is  included  the  design  of  sud 
parts  as  a  lamp  case  and  the  part  of  the  lamp  structure  whidi 
does  not  move  during  the  operation  of  the  lamp.     It  has  been 
found  that  the  material  of  an  arc  lamp  case  must  be  durable  in 
itself,  as  no  commercial  finish  at  present  known  to  the  industn 
can  be  relied  upon  to  protect  the  metal  within.     The  causes  io: 
the  deterioration  of  alloys  and  metals  of  that  nature  are  many, 
mainly  corrosion  caused  by  acid  fumes  and  the  weather,  and  the 
continuous  alternate  heating  and  cooling  through  a  rather  wide 
range,  which  destroy  the  fiber  of  the  metals.     Aside  from  con- 
siderations of  materials,  the  disposition  of  the  material  must  be 
correct.    The  shape  should  be  such  that  the  case  will  be  at  ona 
light  and  strong,  the  material  must  be  used  economically,  while 
a  graceful  and  pleasing  appearance  is  by  no  means  a  minor 
consideration. 

A  good  example  of  two  ways  in  which  the  same  material 
may  be  employed  with  very  different  results  as  to  strength  and 
appearance  is  shown  in  Fig.  i.  A  represents  the  flame  carbon 
lamp  in  the  process  of  development,  while  B  shows  the  same 
lamp  after  development  has  been  completed.  It  will  be  noted  that 
by  increasing  the  height  of  the  condensing  chamber  and  giving 
it  slightly  more  arch  its  appearance  was  materially  improved 
and  the  strength  of  the  whole  considerably  increased. 

A  further  rather  important  consideration  in  connection  with 
the  lamp  case  is  accessibility.  It  is  essential  to  economical  opera- 
tion that  free  access  be  possible  at  all  times  to  the  interior  of  the 
case.  This  is  at  present  accomplished  commercially  in  two  ways: 
either  by  the  bayonet  type  of  sliding  case  or  by  the  use  of 
doors.  Both  methods  are  satisfactory,  although  it  is  probable 
that  doors  afford  somewhat  more  convenient  access  to  the 
mechanism.  Whether  doors  are  provided  or  the  case  is  opened 
by  telescoping  sections,  it  is  essential  that  the  pro|>er  overlap 
be  provided  to  prevent  rain  or  snow  from  entering  under  any  con- 
ceivable condition  of  eddying  winds.  Fig.  2  shows  how  this  may 
be  accomplished.  With  the  amount  of  overlap  and  with  the 
spring  fastening  shown,  it  is  possible  to  draw  the  two  sections 
together  so  tightly  that  the  case  is  entirely  weatherproof. 

These  general  statements  made  regarding  the  service  con- 
ditions and  requirements  of  the  case  apply  with  much  more  force 
to  *t*A  condensing  chamber  of  a  flame  carbon  arc  lamp,  which 
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be  removed  as  seldom  as  possible.  This  may  be  secured  h 
making  its  removal  relatively  inconvenient.  Since  there  are 
very  few  occasions  requiring  its  removal  this  is  a  satisfactory 
expedient. 

A  final  subject  which  deserves  some  consideration  under  the 
heading  of  statics  is  the  material  from  which  the  strap,  rods 
and  punched  parts  of  the  lamp  are  made.  Experience  has  showu 
that  punched  or  rolled  alloys  are  often  unreliable,  due  to  the  decay 
of  the  fibers  under  the  heat  treatment  tp  which  they  are  subjected 
if  stretched  or  drawn  to  any  degree  in  forming.  Copper  or  phos- 
phor bronze  has  been  found  most  satisfactory  for  these  parts, 
although  it  appears  that  brass  castings  or  plates  are  not  subject  to 
the  fiber  failure.  Alloys  which  have  failed  in  this  manner  have  i 
rough  surface  and  may  be  broken  in  the  fingers. 

Of  perhaps  greater  importance  than  the  structure  of  the 
lamp  is  the  design  of  its  mechanism  from  a  kinematic  point  of 
view.  Keeping  in  mind  the  requirements  previously  noted  of 
reliability  and  low  maintenance  cost,  the  subject  of  friction  in 
feeding  and  regulation  deserves  considerable  attention,  for  unless 
a  lamp  is  properly  designed  depreciation  will  first  become  evident, 
aside  from  actual  failure  of  the  component  parts,  in  excessive 
friction,  which  will  result  in  unsatisfactory  regulation,  a  flicker- 
ing light  with  frequent  feeding,  and  an  unduly  large  outage 
report. 

Friction  may  be  of  two  kinds:  (i)  fixed,  or  that  which  is 
initially  inherent  in  the  lamp  and  will  not  appreciably  increase 
in  amount,  and  (2)  progressive,  which  will  increase  in  service 
tmder  corrosion,  accumulation  of  grit,  gum,  etc.  Knife-edge 
friction,  and  the  rotation  of  relatively  large  wheels  on  small  axles, 
are  examples  of  the  first  or  fixed  friction,  while  all  sliding  parts, 
as  the  movements  of  carbon  holders  on  stationary  guides  come 
within  the  second  class. 

It  is  evident,  therefore,  that  while  in  a  new  lamp  the  relative 
values  of  fixed  and  progressive  friction  are  of  little  importance, 
this  point  becomes  vital  after  the  lamp  has  been  in  service  for  a 
few  years.  It  should  be  noted  that  friction  does  not  directly 
reduce  the  efficiency  of  an  arc  lamp,  as  in  moving  machinery,  by 
consuming  energy,  but  in  a  more  subtle  way.  Larger  margins 
are  required  and  therefore  there  are  larger  continuous  losses 
where  friction  is  high. 


^ig-  3  shows  diagframmatically  one  form  of  lamp  mechanism 
signed  to  eliminate  entirely  sliding  friction  during  the  reguia- 
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an  of  the  lamp,  while  Figs.  4,  5  and  6  are  photographic  views  of 
ich  a  medianism. 


^  <Aside  from  the  effects  of  friction,  an  unreliable  clutch  can  prob- 
ably cause  more  trouble  than  any  other  mechanical  fault.  The 
''  ring  clutch,  if  properly  constructed  from  hardened  steel  to  pre- 
vent wear,  offers  probably  the  maximum  of  reliability,  providing 
the  carbon  manufacturers  can  insure  a  uniform  diameter  in 
their  product.  Since  both  American  and  foreign  manufacturers 
can  guarantee  a  variation  in  carbon  diameter  which  is  well  within 
the  limits  of  operation  of  even  a  badly  worn  ring  clutch,  it  is 
possible  to  secure  the  reliability  and  satisfactory  operation  of 
this  device. 

The  value  of  an  arc  lamp  depends  upon  the  intensity  and 
steadiness  of  its  light.  A  flickering  arc  lamp  is  one  of  the  worst 
illuminants  imaginable  because  of  the  very  intensity  of  its  light. 
To  secure  steadiness  and  freedom  from  variations  of  light  inten- 
sity, it  is  essential  that  the  regulation  be  as  perfect  as  possible, 
therefore  the  importance  of  the  subject  of  regulation  should  be 
borne  in  mind.  Since  the  light  from  a  flame  arc  comes  largely 
from  the  flame  and  only  slightly  from  the  carbon  terminals,  the 
length  of  the  flame  should  be  as  uniform  as  possible.  However, 
the  long  arc  causes  continual  instantaneous  changes  in  current 
density  and  arc  composition  and  these  demand  that  the  mechanism 
continually  adjust  the  arc  length  to  these  changes,  in  order  to 
maintain  the  arc  and  to  prevent  flickering.  This  requires  that  a 
flame  carbon  arc  lamp  be  designed  to  secure  more  perfect  regu- 
lation than  the  former  types  of  lamps. 

Fig.  7  shows  typical  regulation  curves  of  a  series  alternating- 
current  flame  carbon  arc  lamp.  These  are  plotted  between  car- 
bon separation  as  abscissa,  and  voltage  across  the  shunt  coil  as 
ordinates.  Curves  A  and  B  show  the  regulation  of  a  carbon 
clutch  lamp  with  the  carbons  separating  and  moving  together  re- 
spectively, while  curves  D  and  C  give  similar  data  on  a  lamp 
of  the  same  rating  and  general  characteristics,  but  operated  by 
a  drtun  clutch. 

Since  in  the  range  considered,  the  voltage  on  the  shunt  coil 
is  approximately  proportional  to  the  pull  of  the  shunt  coil,  the 
regulation  curve  here  given  is  an  indication  of  the  force  required 
to  hold  the  rocker  arm  at  any  given  angle,  but  in  consuming 
the  carbons  the  rocker  arm  moves  through  all  possible  positions 
between  each  feed  of  the  lamp.  Therefore,  to  maintain  a  uni- 
formly long  arc  at  all  times  it  is  essential  that  the  regulation 


thus  indicatinc  tliat  tlie  arc  voltas;e  and  therefore  the  light  is 
constant. 

Referring  to  previous  comments  on  the  effect  of  friction  on 
the  regulation  of  a  lamp  of  this  type  the  curves  given  in  F^.  7 
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neasure  of  the  regulating  friction  of  a  lamp.  Thus,  if 
is  secured  by  noting  the  pull  necessary  on  the  shunt 
to  allow  the  carbons  to  separate,  and  curve  B  by  noting 
whi^h  allows  the  carbons  to  fall  together,  the  difference 
curves  A  and  B  in  a  vertical  line,  measures  the  friction 


Fic.  8 

in  the  lamp.  It  is  interesting  to  note  that  in  the  carbon 
mp,  because  of  the  arrangement  of  mechanism  previously 
1,  the  friction  i^  actually  zero  at  some  points  and  neg- 
:  most  others. 
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Fig.  8  shows  curves  similar  to  curve  A  of  Fig.  7,  but  pbxk 
between  carbon  separation  and  mechanical  pull.  In  Fig.  8,  or 
3  shows  the  pull  necessary  to  hold  the  rocker  arm  in  an;  ^ 
position  with  the  normal  current  and  voltage  on  the  lamp, 
other  words,  it  is  a  "stability"  curve  of  the  regulation,  and 
point  at  which  it  crosses  the  zero  line  is  the  carbon  sepantia 
which  the  lamp  will  normally  operate.  A  stability  curve  am 
to  the  one  here  shown  indicates  that  only  a  weak  dash  po 
needed,  as  the  lamp  will  not  be  unstable. 


Fic.  9 

Curve  A,  Fig.  7,  shows  the  pull  of  the  mechanism  and  the 
so-called  overbalance,  or  the  tendency  of  the  carbon  to  feed 
together,  due  to  their  own  weight  when  no  current  is  flowing 
in  either  coil. 

Curves  i  and  4,  Fig.  8,  show  the  variation  of  the  shunt  and 
series  coil  pulls  respectively  with  the  rocker  arm  and  therefore  the 
cores  in  various  positions.  The  final  regulation  curve  of  the 
lamp,  curve  3,  is  the  algebraic  sum  of  curves  r,  2  and  4. 
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Fig.  9  shows  how  the  shape  of  the  pull  of  a  coil  on  a  straight 
iron  core  can  be  varied  to  produce  any  degree  of  regulation 
desired.  Curve  i  represents  the  normal  curve  of  a  straight 
coil  and  core  without  iron  on  the  spool  of  the  core. 

Curve  2  shows  the  effect  of  more  iron  in  the  core,  while 
curve  3  shows  the  effect  of  adding  iron  washers  to  the  lower  end 
of  the  coil  spool.  Curve  4  shows  the  effect  of  lengthening  the 
core  without  changing  the  coil,  curve  5  the  effect  of  lengthening 
the  coil  without  the  core  while  curve  6  shows  the  effect  of  length- 
ening both.  It  will  therefore  be  seen  that  when  properly  handled 
the  pull  of  a  solenoid  is  an  exceedingly  flexible  quantity  and  that 
therefore  by  the  proper  design  almost  any  desired  regulation 
can  be  secured. 

The  points  enumerated  cover  but  a  small  part  of  the  consider- 
ation which  should  be  given  to  an  arc  lamp  design.  In  spite 
of  the  seeming  simplicity  of  the  lamp  and  the  apparently  simple 
task  that  it  has  to  perform,  its  design  and  construction  call 
for  a  degree  of  engineering  skill  and  experience  not  less  than  for 
the  largest  or  most  expensive  piece  of  electrical  apparatus. 
Engineering  progress,  however,  has  more  than  kept  pace  with 
the  requirements  of  the  industry,  and  to-day,  the  flame  carbon 
arc  lamp  inaugurates  a  new  era  in  lighting  and  lighting  units 
which  will  undoubtedly  displace  the  older  units  to  a  large  degree. 

DISCUSSION 

Mr.  Charles  Field,  Cleveland  (submitted  in  writing)  : 

(i)  In  the  last  paragraph,  on  page  713,  it  is  stated  that  "the 
flame  carbon  arc  lamp  is  somewhat  more  efficient  on  alternating- 
current  circuits  than  on  direct-current  circuits,  but  operation  is 
equally  reliable  and  satisfactory  under  either  condition."  The 
writer  evidently  refers  to  overall  efficiency,  and  while  this  state- 
ment is  probably  true,  in  this  connection,  it  should  be  noted  that 
when  luminous  efficiencies  are  considered  a  direct-current  arc  is 
more  efficient  than  an  alternating  one.  This  is  especially  empha- 
sized by  the  results  obtained  from  recent  developments  in  yellow 
carbons. 

(2)  The  last  paragraph,  on  page  716,  reads :  "These  general 
statements  made  regarding  the  service  conditions  and  require- 
ments of  the  case  apply  with  much  more  force  to  the  condensing 
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chamber  of  a  flame  arc  lamp,  which  is  subjected  to  higher  tem- 
perature than  the  remainder  of  the  case,  as  well  as  to  excessifdj 
corrosive  hot  fumes  from  the  arc."  In  this  connection  it  shoidd 
be  stated  that  carbon  development  work  is  now  in  progres, 
whereby  a  commercial  carbon  has  been  produced  in  whidi  Ae 
corrosive  fumes  are  largely  reduced.  This  carbon  will  probably 
materially  lessen  the  deterioration  in  glassware  and  condensiog 
chamber. 

(3)  Referring  to  the  diagram,  Fig.  3,  it  will  be  interesdng 
to  know  what  provision  has  been  made  to  compensate  for  tlie 
loss  of  weight  in  the  carbons  due  to  their  consumption.  For 
instance,  the  total  carbon  length  at  the  commencement  of  tbc 
trim  is  approximately  18  in.  to  20  in.,  while  near  the  end  of  tbc 
trim  the  total  length  of  carbon  is  approximately  8  in. 

A  few  considerations  in  carbon  performance  may  be  noted: 

(a)  A  point  of  extreme  importance  is  the  magnetic  blow, 
and  lack  of  attention  to  this  point  is  liable  to  introduce  slagging 
and  other  troubles  which  would  reflect  unjustly  on  carbon  per- 
formance. 

(b)  An  improper  alignment  of  upper  and  lower  carbons 
will  also  produce  similar  slagging  effects. 

(c)  Another  point  to  which  careful  attention  should  be 
given  is  the  proper  enclosure  of  the  arc  and  the  maintenance 
of  tight  joints  at  all  pa^ts.  A  very  large  proportion  of  the  out- 
ages, slagging  and  short  carbon  life  is  due  to  poor  enclosure, 
careless  trimming  and  improper  magnetic  blow. 

Mr.  a.  L.  Loizeaux,  Baltimore:  Mr.  Darrah  states  that 
the  arc  lamps  described  in  his  paper  do  not  give  excessive  flicker 
on  25  cycles.  If  it  be  true  that  an  arc  lamp  has  been  developed 
which  can  be  generally  used  with  satisfaction  on  25  cycles,  every 
one  should  know  it,  as  it  would  mean  an  important  step  in  light- 
ing economy.  There  are  a  great  many  companies  operating  25- 
cycle  generating  systems,  and  these  companies,  as  a  rule,  operate 
their  arc  lamps  by  means  of  mercury-arc  rectifiers,  using  magni- 
tite  or  other  direct-current  lamps.  This  method  is  much  more 
expensive  than  the  use  of  constant-current  transformers  alone, 
because  the  constant  expense  of  rectifier  tubes  would  be  avoided. 
The  operation  of  constant-current  transformers  is  also  simpler 
and  less  liable  to  interruption  than  the  mercury  arc  rectifiers. 

For  the  reasons  mentioned,  we  have  been  on  the  look-out  for 
a  satisfactory  25-cycle  arc  lamp,  and  we  have  tried  many  new 
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lamps  of  this  type.  It  is  a  matter  of  personal  opinion,  perhaps, 
'whether  the  flicker  is  excessive  or  not,  but  it  has  been  the  unani- 
mous opinion  of  members  of  our  company  who  have  looked  at  the 
2S-cycle  lamps  in  operation,  that  they  were  entirely  unsatisfactory 
for  general  use,  due  to  the  pronounced  flicker.  The  older  carbon 
lamps  made  for  25-cycle  are  extremely  bad,  and  the  later  flame- 
type,  25-cycle  lamps,  while  much  better,  are  still  open  to  serious 
criticism.  If  the  author's  statement  that  the  new  lamp  is  satis- 
factory on  25  cycles  proves  correct  as  a  general  fact  or  opinion, 
the  lamp  should  be  a  real  help  to  the  lighting  industry. 

Mr.  Darrah  :  The  flame  carbon  arc  lamp  is  materially  better 
than  the  enclosed  carbon  lamp  in  the  matter  of  flicker  on  low- 
frequency  circuits.  What  may  be  called  excessive  flicker  is  a 
matter  of  opinion.  It  has  been  our  experience  that  the  flicker 
from  a  25-cycle  lamp  is  satisfactory  in  commercial  shops  and 
factories,  and  we  have  several  installation  of  that  kind  now  in 
operation.  It  must  be  admitted  that  the  flicker  from  a  2S-cycle 
lamp  is  appreciable,  and  by  waving  your  hand  about  in  the  light- 
ing, or  by  watching  rapidly  revolving  wheels,  the  eflfect  of  the 
frequency  can  be  noted. 

The  Chairman  :  The  next  paper  on  the  program  is  that  by 
Mr.  T.  K.  Stevenson,  of  New  York  City,  on  Overhead  Distribu- 
tion Circuits  for  Series  Arc  Lighting. 


OVERHEAD  DISTRIBUTION  CIRCUITS  FOR 

SERIES  ARC  LIGHTING 

There  are  many  factors  to  be  considered  in  detennining  the 
proper  and  economical  size  and  type  of  wire  which  will  be  the 
most  eflScient  conductor  for  any  given  overhead  circuit.  Most  of 
these  various  factors,  however,  will  group  themselves  into  twt 
separate  and  distinct  classes — ^first,  the  electrical  requirements  as 
to  conductivity,  and  secondly,  the  mechanical  requirements  as  to 
strength. 

These  two  requirements  have,  generally  speaking,  but  litik 
or  no  relation  to  each  other.  Under  one  condition  it  may  be 
that  high  conductivity  is  of  great  importance  and  but  litde 
strength  is  needed ;  while  for  another  circuit,  strength  and  security 
may  be  the  governing  features. 

As  a  result,  if  there  is  but  one  material  of  construction  avail- 
able, such  as  copper,  in  which  any  size  of  wire  of  a  given  con- 
ductivity has  a  certain  fixed  maximum  of  streng^,  it  would  be  i 
rare  coincidence  that  the  same  size  of  wire  would  g^ve  just  the 
required  strength  and  just  the  required  conductivity.  Almost 
always  it  would  happen  that  either  the  wire  with  just  sufficient 
conductivity  is  not  sufficiently  strong,  or  the  wire  with  just  suf- 
ficient strength  has  not  sufficient  conductivity. 

It  is,  therefore,  of  importance  to  determine  what  available 
material  has  the  most  desirable  ratio  of  strength  to  conductivit}* 
and  whether  such  a  material  will  give  the  most  economical  con- 
struction and  operation. 

There  are  four  types  of  wire  commercially  manufactured  that 
could  be  used  for  overhead  circuits — aluminum  wire,  copper  wire, 
iron  wire  and  copper-clad  steel  wire. 

As  this  paper  is  especially  concerned  with  distributing  cir- 
cuits, and  as  triple  braid  weatherproof  wire  is  almost  universally 
specified  for  this  purpose,  this  material  will  be  considered  in  the 
following  discussion. 

Weatherproof  aluminum  wire  is  more  expensive  than 
weatherproof  copper  wire  per  unit  of  conductivity,  not  to  speak  of 
its  low  tensile  strength  and  the  special  care  necessary  in  its  hand- 
ling. 
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Weatherproof  iron  wire  also  is  more  expensive  per«A«c 
conductivity  than  copper,  even  in  direct-current  circuits,  aniiP  ^ 
alternating-current  circuits  its  resistance  is  greatly  increased  W 
skin  effect.     Moreover  iron  wire  has  not  a  high  strength,  fatiii|| 
a  tensile  strength  of  only  about  5S,ooo  lb.  per  sq.  in. 

Weatherproof  copper  wire  is  without  doubt  the  most 
ical  material  to  use  if  conductivity  alone  is  considered,  butitkll 
a  very  low  tensile  strength.  Even  hard-drawn  copper  wireki' 
only  60,000  lb.  per  sq.  in.  tensile  strength,  but,  unfortunatdy.hrt 
drawn  copper  has  the  disadvantage  of  breakings  easily  if  nicked « 
kinked,  and  has  to  be  handled  with  great  care.  As  a  resatt,b 
use  has  been  practically  abandoned  for  distributing  circuits  ai 
annealed  copper  wire  is  now  used,  which  has  a  tensile  strength  d 
only  34,000  lb.  per  sq.  in. 

Copper-clad  steel  wire  is  commercially  manufactured  in  thw 
electrical  grades  having  a  conductivity  respectively  of  30,  40  aid 
47  per  cent  of  copper.  Its  tensile  strength  varies  somewhat  witk 
the  size  and  is  about  88,000  lb.  per  sq.  in.  in  No.  6  B.  &  S.  It 
has  the  further  advantage  over  copper  of  being^  practically  oqb- 
stretching,  its  elastic  limit  being  very  high,  from  one-half  to 
two-thirds  its  breaking  weight,. while  annealed  copper  has  prat 
tically  no  elastic  limit,  as  it  begins  to  stretch  under  very  small 
loads  when  applied  for  a  long  time.  The  result  is  that  copper  wrc 
must  frequently  be  pulled  up  to  take  the  excess  sag  out  of  the  span 
and  this  soon  stretches  the  wire.  This  stretching  of  the  wire  is 
one  of  the  most  potent  causes  of  the  tearing  and  failure  d 
weatherproof  insulation. 

Copper-clad  wire  will  not  permanently  stretch  but  will  rctum 
to  its  original  sag  after  any  applied  load  within  the  elastic  limit 
is  removed.  It  does  not  have  to  be  pulled  up  and,  therefore,  the 
weatherproofing  on  it  lasts  longer. 

The  coefficient  of  expansion  of  copper-clad  wire  is  0.000012 
per  degree  centigrade.  This  is  about  one-third  less  than  copper 
wire  and  therefore  the  sag  of  copper-clad  wire  at  different  sea- 
sons of  the  year  is  much  more  uniform  than  that  of  copper. 

The  elastic  limit,  modulus  of  elasticity  and  coefficient  of  ex- 
pansion are  all  different  from  the  corresponding  properties  of  cop- 
per and  these  differences  are  such  that  the  corresponding  sags  for 
copper-clad  are  in  every  case  much  less  than  for  copper  wire.  It 


733 

s,  therefore,  advisable  when  both  copper  and  copper-clad  con- 
luctors  are  carried  on  the  same  pole  to  put  the  copper-clad  wire 
on  the  upper  cross-arm. 

In  considering  these  various  conductors,  weatherproof  alu- 
minum and  iron  can  be  eliminated  as  being  more  costly  than  cop- 
per and  having  no   compensating  advantage.     There   remains, 
therefore,  copper  and  copper-clad  steel  conductors  for  comparison. 
If  a  copper  wire  of  any  given  size  be  considered  and  still  more 
conductivity  is  required,  it  is  the  natural  and  logical  procedure  to 
use  a  larger  copper  wire,  for  copper  has  the  highest  conductivity 
commercially  available,  but  if  more  strength  is  required  it  is  not 
logical  to  use  a  larger  copper  wire,  for  copper  has  not  a  high 
strength.     It  is  much  more  reasonable  to  reinforce  the  copper 
wire  with  some  strong  and  cheap  material.     Steel  costs  per  unit 
of  strength  approximately  1/25 th  as  much  as  copper,  and  is  the 
most  available  material  for  such  a  reinforcement.     Copper-clad 
steel  wire,  therefore,  is  the  combination  of  copper,  whidi  is  the 
cheapest  form  in  which  conductivity  can  be  obtained,  and  steel, 
which  is  the  cheapest  form  in  which  strength  can  be  obtained. 

Copper-clad  steel  wire  is  reinforced  copper  wire.  It  is  a 
wire  for  use  under  conditions  where  strength  is  a  factor  of 
importance. 

There  are  a  number  of  conditions  in  the  lighting  field  where 
strength  is  the  governing  feature  in  the  determination  of  the  size 
of  wire.    The  most  self-evident  case  is  the  series  arc  and  incan- 
descent circuit.    The  majority  of  series  arc  lamps  now  in  service 
take  from  4  to  7.5  amperes  and  the  tendency  in  new  construc- 
tion seems  to  be  toward  the  lower  of  these  values.    The  National 
Electric  Light  Association  rates  the  safe  carrying  capacity  of  even 
a  No.  14  copper  wire  at  10  amperes,  and  yet  when  it  comes  to 
overhead  construction  specifies  that  no  wire  shall  be  used  of  less 
strength  than  No.  6  copper.     In  other  words,  the  copper  wire 
of  sufficient  strength  in  this  case  has  six  times  the  required  car- 
rying capacity. 

As  a  matter  of  fact,  some  of  the  larger  companies  ate  going 
even  further  and  are  specifying  nothing  smaller  than  No.  4. 
3elow  is  a  comparison  of  the  electrical  and  mechanical  properties 
>f  Nos.  4  and  6  copper  wire  and  N03.  6  and  8  copper-clad  wire. 
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N0.4B&S  N0.6BAS   N0.6BAS  lCo.lBkS 
Annealed  Annealed    Haird  Drawn  Hard  Dim 
Copper          Copper    Copper  Clad  CbppcrC3M 
Triple  Triple            Triple  Ttipk 
Braid           Braid              Braid  Bnid 
Weather-  Weather-       Weather-  Weather- 
proof           proof               proof  pnof 

Weight  per  mile,  lb 865  590  5^  37^ 

Breaking  weight,  lb 1,114  700  1,800  1,200 

Resistance  per  mile,  ohms 1.33  2.1 1  4.63  7-42 

Priceperlb. $0.17  |o.i7  $0.16  |qj6 

Cost  per  mile 14705  100.30  89.60  6ai6 

The  above  comparison  is  made  between  annealed  copperwiit 
which  has  been  the  standard  for  lighting  circuits,  and  hard-dnwi 
cot)per-clad  wire.  Hard-drawn  copper-clad  wire  can  be  handfe 
without  trouble  or  special  care  as  the  strength  is  in  the  sted  con 
and  surface  nicks  do  no  harm.  However,  if  soft-drawn  copper 
clad  wire  is  desired,  it  can  be  furnished  in  any  state  from  den 
soft  to  full  hard,  and  even  in  the  annealed  state  is  as  strong  i 
copper  wire  two  gauges  larger. 

Below  is  given  a  comparison  of  the  financial  results  tim 
should  be  obtained  from  the  use  of  the  above  sizes  of  win 
based  on  a  4,  5  and  6-ampere  circuit.  The  life  of  both  wire 
is  assumed  to  be  15  years,  though  that  of  copper-clad  should  b( 
longer  than  that  of  copper  wire. 

No.  4  No.  6  No.  6  No.  8 

Copper        Copper    Copper  Clad    Copper  Cad 

Weight  per  mile,  lb 865  590  560  376 

Price  per  lb $0.17         $0.17  $0.16  $0.16 

Cost  of  wire  per  mile $14705      $100.30        $89.60        $6ai6 

Weight  of  scrap  metal 666  419  390  245 

Price  of  scrap  $0.13         $0.13  $0,035        $0035 

Value  of  scrap $86.58        $54-47        $13.65  $8.57 

Net  depreciation   $60.47        $45-83        $75-95         $51-59 

.Annual  charges: — 

Interest  and  taxes  at  8  per  cent.       $11.76  $8.02  $7.17  $4-81 

Depreciation,  15-year  life 4.03  3.06  5.06  344 

$15.79       $11.08        $12.23  $8.25 

On  the  basis  of  a  4000-hour  schedule,  and  taking  the  ca 
of  power  at  0.5  cents  per  kilowatt-hour,  the  i^R  loss  per  mile  ( 
wire  per  year  is  as  follows: 


$0.68 

$1.48 

$2.38 

i.o6 

2.32 

3.73 

1.52 

3.34 

5.34 

735 

No.  4  No.  6  No.  6  No. 

Copper  Copper      Copper  Clad    Copper  Clad 

4.- Ampere  circuit $0.43 

S- Ampere  circuit 67 

^Ampere  circuit 96 

Adding  this  loss  to  the  annual  charges  as  above  gives  the 
following  cost  per  year: 

No.  4  No.  6  No.  6  No.  8 

Copper  Copper      Copper  Clad    Copper  Clad 

4- Ampere  circuit $16.22         $11.76         $13.71  $10.63 

5- Ampere  circuit 1646  12.14  14.55  1 1.98 

6- Ampere  circuit 16.75  12.60  15.57  13.59 

It  will  be  noticed  that  in  all  three  cases  both  the  No.  6 
and  No.  8  copper  clad  wire  show  a  lower  annual  cost  than  No.  4 
copper ;  that  in  the  4  and  5-ampere  circuits  No.  8  copper  clad 
wire  shows  a  lower  annual  cost  than  the  No.  6  copper,  and  that  in 
the  6-anipere  circuits  the  additional  annual  cost  for  No.  8  copper- 
clad  wire  is  only  99  cents. 

Labor  has  been  omitted  in  the  above  comparisons  on  the 
assumption  that  it  would  be  the  same  for  both  copper  and  copper 
clad  wire.  However,  as  a  matter  of  fact,  the  cost  of  stringing 
copper  clad  wire  would  probably  be  less  than  stringing  copper, 
owing  to  its  lower  weight  per  mile.  Neither  has  there  been  any 
credit  taken  for  the  lower  maintenance  costs  on  a  copper-clad 
wire,  nor  the  saving  in  revenue  which  would  accrue  from  the 
increased  insurance  of  continuity  of  service  given  by  the  use  of  a 
stronger  wire.  These  items,  while  difficult  to  estimate  in  dol- 
lars and  cents,  would  unquestionably  show  a  distinct  saving  for 
copper-clad  wire. 

There  are  many  other  uses  for  copper-clad  wire  in  the  light- 
ing field,  particularly  primary  high-voltage  circuits  carrying  a 
small  amperage  for  lines  reaching  suburban  points  or  farming 
communities. 

There  are  many  cases  where,  if  copper  is  used,  the  cost  of 
construction  would  be  so  high  as  to  make  it  tmeconomical  to 
build  lines  to  reach  such  small  loads.  A  line  built  of  a  small, 
strong  copper-clad  conductor  with  long  pole  spacings,  will  give  a 
very  low  first  cost  for  this  work,  and  yet  give  a  factor  of  safety 
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equivalent  to  that  required  by  the  National  Electric  Light  Am>- 
ciation  specification. 

Copper-clad  wire  is  also  used  for  grounding,  especially  whcrt 
a  3-phase  4-wire  grounded  neutral  system  is  employed. 

Copper-clad  tie-wire  is  used  for  both  tying  in  copper-dad 
and  solid  copper  conductors.  When  annealed  it  is  dead  soft,  aod 
being  stronger  than  copper,  a  smaller  gauge  can  be  used. 

The  process  used  for  the  manufacture  of  copper-clad  wire  b 
as  follows: 

A  steel  billet,  6  in.  by  6  in.  square,  and  30  in.  long,  after 
first  pickling  and  cleaning,  is  dipped  into  a  bath  of  supermolten 
copper.  The  copper  is  so  hot  that  it  heats  up  the  steel  billet,  and 
the  hot  steel  billet  actually  absorbs  a  certain  amount  of  copper, 
the  copper  penetrating  the  steel  to  a  depth  of  about  onejiali 
inch.  The  surface  of  the  steel  begins  to  melt  and  when  the 
billet  is  withdrawn  from  this  bath,  the  surface  is  wet  down  with 
a  copper  iron  alloy.  This  alloyed  billet  is  held  in  an  atmosphere 
of  deoxidizing  gas,  placed  in  a  mould  in  which  the  billet  acts  as 
a  core,  the  mould  being  about  8  in.  by  8  in.  inside,  and  a  coating 
of  copper  about  i  in.  thick  is  cast  around  the  billet.  The  cop- 
per coating  welds  absolutely  to  the  copper  iron  alloy.  The  fin- 
ished billet,  about  8  in.  square,  is  rolled  down  to  a  4  in.  by  4  in 
wire  bar,  reheated  and  rolled  to  rod  of  any  desired  diameter. 
For  wire  drawing  it  is  finished  at  a  ^-in.  rod  and  this  rod  is 
then  drawn  to  wire  in  the  same  manner  as  solid  copper. 

There  is,  therefore,  no  contact  between  the  steel  and  copper, 
the  copper  grading  into  the  steel  through  a  series  of  alloys.  The 
steel  nearest  the  copper  is  protected  from  corrosion  by  being  im- 
pregnated with  copper.  If  the  end  of  the  copper-clad  steel  wire 
or  wire  rod  be  subjected  to  an  accelerated  corrosion  test  by 
boiling  in  concentrated  hydrochloric  acid,  it  will  be  found  that 
the  steel  nearest  the  copper  is  not  attacked  at  all  and  only  the 
very  center  is  pitted,  and  that  this  pitting  in  the  center  will  not 
extend  to  any  depth. 

Copper-clad  wire  is  no  longer  a  new  and  untried  material 
It  was  first  put  on  the  market  in  commercial  form  six  years  ago. 
In  the  telephone  business,  No.  17  copper  clad  twisted  pair  drop 
wire  has  practically  replaced  the  old  standard  No.  14  copper 
drop  wire  throughout  the  United  States  and  in  most  foreign  coun- 
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tries  where  American  standards  are  followed,  and  to-day  a  con- 
siderable amount  of  copper-clad  wire  in  larger  sizes,  Xo.  8,  No.  lo 
and  No.  12,  is  being  used  for  telephone  line  wire. 

In  the  railway  signal  field  probably  80  per  cent  of  the  line 
wire  used  for  automatic  block  signals  in  the  last  few  years 
has  been  copper-clad  wire.  It  is  used  by  many  railroads  for  their 
telephone  train-dispatching  circuits,  the  Great  Northern  alone 
having  now  in  service  approximately  15,000  miles  of  No.  9 
B.  &  S. 

Power  transmission  engineers  have  used  copper-clad  wire  for 
several  years  for  telephone  circuits  strung  on  transmission 
towers,  and  the  material  is  standard  for  this  purpose  with  many 
of  the  largest  engineering  firms.  It  has  also  been  used  for 
power  transmission  conductors  on  circuits  carrying  small  loads 
at  high  voltage.  For  long  spans,  such  as  river  crossings,  it  is 
particularly  applicable,  and  is  now  used  in  some  of  the  most 
notable  crossings  in  the  country,  including  the  Niagara  River. 
It  is  also  applicable  to  high-tension  railroad  crossings,  where  an 
extra  margin  of  safety  is  very  essential.  In  electric  railway  con- 
struction it  has  been  used  both  for  span  and  trolley  wire  and  for 
the  messenger  in  catenary  construction. 

The  whole  trend  of  overhead  construction  is  toward  stronger 
and  more  permanent  work  and  greater  emphasis  is  being  laid  upon 
the  necessity  of  uninterrupted  service.  This  wire  oflFers  an  eco- 
nomical method  of  obtaining  this  end  in  many  problems  of  over- 
head construction. 

DISCUSSION 

Mr.  Mason,  Baltimore:  I  would  like  to  inquire  if  there  is 
any  difficulty  caused  by  the  breaking  of  this  wire  on  3-phase, 
high-tension  circuits.  Such  a  report  has  come  to  me  from  certain 
transmission  lines  in  Tennessee.  I  am  not  absolutely  positive  of 
the  fact,  but  I  am  informed  that  they  found  it  necessary  to  take 
some  of  it  down. 

Mr.  Stevenson  :  I  believe  the  company  referred  to  is  the 
Tennessee  Power  Co.,  which  used  No.  6  wire.  It  was  a  very 
small  sized  wire,  and  they  used  it  in  long  spans;  it  was  finally 
taken  down   to  be  replaced  by  quarter-inch,  copper-clad,  steel 
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strand  wire,  which  is  much  more  suitable  for  the  length  of  spo 
they  used. 

The  Chairman  :  If  there  is  no  further  discussion  of  tfe 
paper,  we  will  go  to  the  next,  "Switching  Apparatus  for  Rnnii 
Installations,"  prepared  by  Mr.  E.  B.  Merriam,  of  Schenectad}. 
N,  Y.  I  understand  that  Mr.  Merriam  is  ill,  and  that  his  papr 
will  be  read  by  Mr.  J.  E.  Keams. 


SWITCHING  APPARATUS  FOR  RURAL 

INSTALLATIONS 

INTRODUCTION 

Practically  all  companies  operating  electric  power  transmis- 
^n  lines  possess  a  number  of  comparatively  large  and  heretofore 
ideveloped  sources  of  profitable  revenue.  They  may  supply 
ectricity  to  consumers  located  adjacent  to  their  transmission 
les  but  now  using  isolated  power  plants.  They  may  supply  it 
>r  farming  and  kindred  industries  where  manual  labor  has  here- 
•fore  been  exclusively  employed.  They  may  provide  facilities 
hich  will  permit  of  the  establishment  and  successful  operation 
•  mills,  factories  and  similar  industrial  establishments  on  the  out- 
:irts  of  large  centers  where  a  supply  of  power  at  a  reasonable 
'ice  has  been  previously  unobtainable.  They  may  also  very 
Ivantageously  supply  power  to  mines,  quarries,  pumping  instal- 
tions  and  various  construction  activities  adjacent  to  their  lines, 
here  it  has  been  the  policy  to  install  temporary  prime  movers 
id  generating  equipment. 

APPLICATION 

These  new  fields  of  application,  some  of  which  have  been 

^scribed  in  detail  in  Mr.  J.  F.  Kearns'  paper,  entitled  "Elec- 

ic  Service  in  Towns  of  Less  Than  5000  Inhabitants,"  together 

ith  the  character  of  supply  each  will  demand,  are  grouped 

Table  I. 

TABLE  I 

APPLICATIONS  OF  RURAL  SWITCHING  EQUIPMENTS 

.....  .         Character  Type  of  ,,, 

nsumert  Applications  ^f  |^^^  Subatation  IUu*trationt 

nail  towns        Street  lighting     Similar  to  Semi-pottabl^       Fig.  i 

Commercial  urban  service  ,'  *^^'. 

lighting  \  V.:"     : 

Water  supply  '    \ 

Power  *'^.',  , 

Railways 
Household 

devices 

irms  Outlined  in  pre-  Regularly  Semi-portable  "    4 

vious  papers     Intermittent  or  portable  "    5 

Cyclic 
Load 


ConiuBicn  Appliultona 

Mines  and  qii.ir-    Cable  ways 
ries  Compressors 

Crushers 
Drills 

Hoists 

Illumination 

Locomotives 

Ventilating 


Pumping 

installations 

Manufacturin 


Irrigation 
Refrigeration 
Water  supply 

Heat 

I-ifiht" 


Ret^ilar 

Flat  load 


Regular 
Day  load 


Portable  or  Ftj  : 

.scmi-portahle 

Semi-portable 
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Consumcc;} 

Contract  jobs 


Character 
Apphcatioiui  of  Load 

Cable  ways  Irregular 

Compressors         Intermittent 

Concrete  mixers  Day  and   night 

Cranes  load 

Dredges 

Drills 

Hoists 

Illumination 

Locomotives 

Pumps 

Shovels 


Type  f'f 
Substaiion 

Portable 


■  ■  ■■  ■!•■  ■ 


I 


^i« 


,1  ■ 


\  ■■    ■  ^-'  ' 

i^  _.Z[. ' 


V-., 


*^ 


_i 
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EQUIPMEXT 

The  wide  field  just  outlined  has  been  opened  to  operating 
companies  by  the  development  of  efficient,  reliable  and  inexpen- 
sive outdoor  substation  equipments.  They  include  outdoor  trans- 
formers, fuses,  switches  and  other  devices  recently  placed  upc»n 
the  market  by  electrical  manufacturing  companies.  The  equip- 
ments are  ship])ed  complete,  and  ])ermit  supplying-  power  froiv. 
transmission  lines  oi)cratini;-  at  i)ressures  up  to  and  including: 
IT0,0(X)  volts.  The  niiniiuum  economical  sizes  of  installation> 
for  various  line  pressures  is  i^iven  in  the  following"  table: 


Line  Pressure 
in  Volts 

2.300 
I  I  .(X)0 

1^1.500 

J2.000 

44.000 
6h.oco 

88.000 

1  I(\0(K) 


Substation  KiAtine 
in  kv-a.  3-phasc 

3 
3 

TO 

25 

50 
100 
250 
400 
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In  general,  the  equipments  consist  of  the  following  groups: 

( 1 )  A  suitable  supporting  structure 

(2)  Primary  disconnecting  switches,  fuses  and  other  pro- 
tective apparatus 

(3)  Step-down  transformer 

(4)  Secondary  switching  and  measuring  apparatus. 

SUPPORTING  STRUCTURE 

The  equipments  are  made  both  semi-portable  and  portable, 
the  supporting  structure  being  especially  designed  for  each  case. 
For  permanent  installations  the  semi-portable  type  is  recom- 
mended. For  lines  of  comparatively  low  pressure,  a  single  pole, 
similar  to  the  standard  adopted  for  the  transmission  line,  is 
preferable,  with  the  apparatus  arranged  as  shown  in  Fig.  17. 
On  lines  of  moderate  pressure,  a  suitable  tower  made  of  gal- 
vanized iron  or  steel  may  be  used  to  carry  all  the  apparatus 
except  the  secondary  switching  and  measuring  equipment.  The 
latter  is  placed  in  a  switch  house  (Fig.  12)  located  on  the 
ground  (Fig.  16).  For  installations  w^ith  primary  pressures  at 
45,000  volts  and  above,  the  pole  or  tower  may  support  only 
the  primary  switching  and  protective  equipment,  the  transfor- 
mers and  the  secondary  switch  house  being  located  on  the 
ground  (Fig.  6). 

Portable  substation  equipments  for  supplying  power  to  con- 
tractors, farmers  and  other  consumers,  whose  apparatus  is  con- 
tinually being  moved  from  place  to  place,  may  be  mounted  on 
wagons,  railway  cars,  floats,  drags,  etc.  Figs.  3  and  5  show  two 
of  these  equipments  mounted  on  a  drag  and  a  wagon,  respec- 
tively. 

PRIMARY  SWITCHES 

Primary  disconnecting  switches  for  these  equipments  are 
shown  in  Figs.  7,  8  and  9.  The  latter,  which  is  especially 
adapted  for  outdoor  service  under  extreme  weather  conditions, 
is  a  modified  lever  switch  design.  It  is  provided  with  a 
mechanism  for  raising  and  lowering  the  blade  in  a  vertical  plane 
by  the  rotation  of  a  handle,  thus  permitting  minimum  spacing 
between  the  poles  and  easy  operation.  It  is  equipped  with  goat- 
horn  arc  deflectors  and  is  designed  to  permit  the  operation  of 
one,  two  or  three  poles  as  single,  double,  or  triple  pole  units. 
The  operating  handle  may  be  located  at  any  convenient  point 


and  is  connected  to  the  switch  mechanism  by  suitable  bell  cranks 
and  gas  pipe.  It  may  be  locked  in  the  open  or  closed  position 
by  a  padlock,  similar  to  railway  track  switchesand  signals. 

PRIMARY   FUSES 

Some  primary  fuses  for  this  service  are  shown  in  Figs.  10  and 
II.  The  former  employs  the  well-known  goat-horn  principle  for 
rupturing  the  arc  when  the  fuse  operates.  It  has  several  objec- 
tionable features,  however,  since  it  is  found  that  the  arcs  rising 
along  the  horns  are  often  long  and  of  large  volume,  and  are 
readily  disturbed  by  air  currents.    As  a  result,  unless  the  phases 


Fig,  7 

aft  spaced  very  far  apart,  the  arcs  are  likely  to  blow  across  and 
short-circuit  the  line.  In  addition,  it  has  been  found  that  when 
operating  on  small  currents  such  as  will  be  used  with  the  various 
installations  previously  noted,  the  magnetic  field,  upon  which  the 
goat-horn  principle  depends,  is  too  weak  to  start  the  arc  up  the 
horns,  and  it  persists  between  them.  Furthermore,  it  is  well 
known  that  these  devices,  when  operating,  introduce  surges  and 
oscillations  in  the  transmission  line  and  are,  therefore,  likely  to 
damage  nearby  transformers  and  similar  apparatus. 

A  modification  of  the  well-known  tube  expulsion  fuse  is 
shown  in  Fig.  ii.  It  is  provided  with  weather-proof  fuse-holders, 
readily  removable  from  the  clips  for  reloading,  and  is  designed 
for  either   vertical,  or   preferably   horizontal,   mounting.     The 


Another  type  of  fuse  draws  tlie  arc  formed  on  overload 
into  various  liquids  which  extinguishes  the  arc  and  clears  the 
circuit. 

LlCiHT.NI.Ni;   PKOTECTIO.N 

LiKhtninji  protection  for  these  equipments  has  been  ven- 
carefully  cunsidered.  The  horn-gap  type  with  one  side  con- 
nected to  ground  throufjh  a  suitable  resistance  has  been  pro- 
posed. It  is  inexpensive  and  effective,  but  unfortunately  it 
iiUroduces  destructive  oscillations  and  surges  in  the  main  circuit 
hence  it  cannot  be  recommended  for  this  service.  The  electro- 
lytic cell  or  alumimtm  arrester  ivill  give  adequate  protection,  but. 
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of  cast-iron  would  be  too  heavy  and  bulky.  From  750  Idlovok- 
amperes  to  about  2500  kilovolt-amperes,  the  necessary  radiatinz 
surface  for  self-cooled  transformers  is  obtained  by  compoundm^ 
the  corrugation,  or  by  the  "tubular"  or  "pipe  tank."  The  latter 
consists  of  a  boiler-plate  tank  having  the  ends  of  a  double  roi 
of  vertical  steel  tubes  welded  into  it  at  the  top  and  bottoc 
Above  1500  kilovolt-amperes,  transformers  are  usually  water- 
cooled. 


Fig.  10 

Transformers  for  pressures  below  17,500  volts  have  the:: 
leads  brought  out  through  porcelain  bushings  set  in  or  under- 
neath the  rim  around  the  top  of  the  tank  (Fig  17).  For  pres- 
sures above  17,500  volts  the  leads  are  carried  vertically  upward 
through  the  cover  (Fig.  16)  and  are  protected  from  the  weather 
by  petticoated  porcelain  coverings. 

SECONDARY  EQUIPMENT 

The  secondary  switching  and  measuring  equipment  consists 
of  the  following  apparatus : 

Disconnecting  switches 
Automatic  oil-switches  or  fuses 
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PORTABLE  GENERATING  EQUIPMENTS 

In  addition  to  the  above  equipments,  which  depend  for 
supply  of  electricity  on  a  permanent  power  installation  ai 
convenient  point,  there  has  been  placed  upon  the  market 
of  portable  generating  equipments.  These  consist  of  a  g* 
engine-driven  generator  mounted  on  a  wagon  which  ir 
drawn  by  horses  to  the  point  at  which  power  is  desired, 
equipments  are  particularly  adapted  for  the  following  clai 
service. 

(i)  Breakdown  auxiliary  service 

(2)  Temporary  peak  loads 

(3)  Construction  work 

(4)  Replacement  during  rehabilitation  of  old  static 

(5)  Assisting  in  new-business  solicitation, 

and  should  form  an  efficient  and  useful  auxiliary  to  all  tra 
sion  line  operators. 

CONCLUSION 

The  developments  herein  described  have  forged  anotln 
in  the  chain  of  universal  electrification  and  their  appli 
should  be  of  distinct  benefit  to  central-station  conipanie 
consumers. 

(Adjourned  sine  die.) 
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INSULATED 

WIRES  &  CABLES 

The  STANDARD  for  RUBBER  INSUUTION 

OKONITE  has  established  the 
degree  of  excellence  by  which 
alt  other  insulated  wires  are 
judged.  For  durability — for 
economy — for  reliability — 
under  all  conditions  of  service, 
OKONITE  Insulated  Wires 
and  Cables  fulfill  every  require- 
ment. 

OKONITE 

•  made  in  but  one  grade 
-the  BEST. 

Vlook  for  the  ridge 

It  prsT«  \h»  quality.  ^^ 

A  dlniupiihBis  mark  on  ooiun  ^^^^^ 
OKONITE  c«*n  °f  •  mfrklK  f^BV 
lenith  bI   ihs  win.  mil.  j.  s-  -tT.  an. 

OKONITE  TAPE-MANSON  TAPE. 

THE  OKONITE  COMPANY 

i53  Broadway  NEW  YORK 
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A  Paragraph  taken  from 

''Scientific  American'of  May  3, 1913, 
that  will  interest  Central  Stations: 

*'  Many  factwrn  enter  into  the  eeoftotnicm  of  eleetrk 
power  production*  For  the  best  economy  it  is  of 
course  desirable  thai  the  load  be  Uistributed  a« 
evenly  as  possible  over  the  twenty-fowr   hours  sf 

the  day A  breakdtnvn,  even  of  a  fetv  nunnenU, 

in  tlie  electric  power  plant  which  supplies  a  largt 
city  with  current  for  lighting^  runni'ng  elevators 
etc.,  will  not  only  cause  great  ineonven^ience  and 
annoyance,  but  may,  in  a  croufiied  theatre,  for 
example,  bring  panic  and  disaster  in  its  train,*- 

• 

There  are  221  Central  Stations  in  91 

Different  Cities  usin^ 

The  **CbIoribe  Hccumulatot"  or 

The  **]6xlbe"  Battery 

These  batteries  have  a  total  capacity  of  260,428  Kw. 

at  the  emergency  rate 

Have  you  our  new  bulletins  on  Central  Station  Batteries  ?  Bulletin 
No.  139  describes  the  ''CblOti^C  BcCUItlUlatOt  "  for  twenty-four- 
hour  service,  and  Bulletin  No.  141  describes  the  **  JSxi^C  "  Stand-Bv 

« 

Battery.     Write  to  our  nearest  office  for  copies. 


THEEliECTRICSEOMGEBSTTERYCa 

1  8  8  8  -  PHILADELPHIA,  PA.  -1913 

NEW    YORK        BOSTON  CHICAOO  ST.  LOUIS  CLCVCUANO  SCATTLC 

ATLANTA  OETROIT  DENVKII  SAN   FRANCISCO  PORTLAND.  ORK .       L.OS    AMOCLCS 

TORONTO 
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How  Otis  Elevators 
are  Increasing  the 
Central  Station  Load, 


Thousands  of  Otis  Elevators  together  with 
Escalators,  Inclined  Elevators  and  Inclined 
Railways  having  an  enormous  aggregate  con- 
sumption of  current  are  now  in  operation  on 
central  station  circuits. 

Every  new  installation  in  your  territory 
means  another  steady  current  consumer  for 
you — helping  to  build  up  your  day  load. 

The  elevator  field  with  its  increasing 
opportunities  for  new  business  should  not  be 
underestimated  by  the  Central  Station. 

Our  organization  is  ready  to  co-operate 
with  you  in  personal  sales  work  or  to  furnish 
data  and  information  that  will  be  of  assistance 
to  you  in  extending  and  increasing  the  elevator 
load  on  your  circuits. 

Become  familiar  with  Otis  Electric  Elevators. 
Complete  set  of  catalogues  sent  on  request. 

Otis    Elevator   Company 

Twenty-sixth  St.  and  Eleventh  Ave.,  New  York  City 
Offices    in    all  principal   cities. 
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The   Meaning  of  Mazda 

The  Magi  or  Magicians,  fire  worshippers,  priests  of  the  Per^an 
god  Mazda,  in  their  riiu^  many  thousand  years  ago,  were  wont  to 
carry  the  sacred  flame  on  a  salver  or  tray.  Their  reputation  for 
learning  and  wisdom  has  survived  throughout  the  ages  until  to-day 
it  appears  in  our  language  in  the  word  "magic." 

The  problem  of  artilicia]  illumination  has  always  occupied  the 
attention  of  mankind.  The  earliest  knowledge  that  we  have  of  the 
human  race  centers  about  a  religion  in  which  light  and  fire  and  the 
heavenly  bodies  were  worshipped  under  the  form  of  a  god — Ahura 
Ma^da  (Divine  Wisdom),  whose  cult  under  the  prophet  Zoroaster 
and  the  magicians,  became  the  guiding  spirit  of  civilization  for  the 
whole  of  the  then  known  world. 

This  dim  voice  of  the  remote  past  is  the  first  known  link  in  a 
chain  of  investigation,  research  and  invention  which  has  bound  over 
sixty  centuries  of  mankind,  comprising  within  its  folds  the  history 
of  civilization  and  ending  in  the  various  achievements  of  modem 
science.  The  last  link,  following  the  revolutionary  discovery  of  the 
incandescent  electric  light  by  Thomas  A.  Edison  in  1879,  has  beea 
the  perfection  of  a  system  of  artificial  illumination  employing  the 
electric  current  and  the  Mazda  Lamp— a  system  which  offers  a 
solution  of  the  age-long  problem  of  light  for  everybody. 

It  is  not  unfitting  that  early  historic  aspiration  and  endeavor 
should  be  joined  with  present  achievement;  it  is  not  unfitting  that  a 
name  should  be  established  in  our  language  for  the  best  light  which 
scientists  and  manufacturers  can  produce— a  name  which  shall 
always  denote  the  most  nearly  perfect  incandescent  light  nature 
can  offer  and  man  can  control— MAZDA, 

General  Electric  Company 

Edison  Lamp  Department.        Harrison,  N.  J. 
Lamp  Agencies  Everywhere  sue 


New  Weston  Miniature  Preciuoii 
Direct  Current  Instruments 

SailchboarJ    and    Portable     ^mmeiers,      "Oollmeten. 
Milli-ooltmeleta   and  Volt-ammelen 

MASTERPIECES    OF    THE    INSTRUMENT     MAKERS'    ART 


MC»EL  267-SWITCHBOARD  INSTRUMENTS 


MODEL  2flO-PORTABLE  INSTRUMENTS 


For  full  infmmatian,  —nd  for  Bullmlin  fh.  B 

WESTON  ELECTRICAL  INSTRUMENT  CO 

New  Yorii:  114  Uberty  5l  Newark,  N.  J 


EVERYONE  INTERESTED 
IN  ELECTRICITY 

should  be  posted  on  Electrical  Apparatus  and  know 
who  makes  che  best  kinds  for  different  purposes. 

Perhaps  it's  not  possible  for  you  to  visit  our 
factories,  but  we  want  you  to  become  familiar  with 
our  products. 

We  make  a  specialty  of  manufacturing  Complete 
Equipments  for  Light  and  Power  Stations. 

Our  Meters,  Alternators,  Generators,  Transform- 
ers, Switchboards,  Motors,  etc.,  are  used  in  some  of 
the  finest  installations  all  over  the  country  and  have 
established  for  us  a  national  reputation  for  quality. 

We  will  not  attempt  here  to  tell  all  their  strong 
points;  their  exclusive  advantages— the  features  that 
make  them  superior  to  others  or  show  why  they  last 
fonger,  do  their  work  better  and  require  fewer  repairs, 
but  we  have  some  interesting  illustrated  Bulletins  on 
each  subject  that  go  into  details  on  these  points. 

These  Bulletins  are  free  and  we  shall  be  glad  to 
furnish  you  with  any  you  desire. 


Fort  Wayne  Eleetrie  Works 

OF  GENERAL  ELECTRIC  COMPANY 

"  Wood  "  Systems 

Main  Office:     Fort  Wayne,  Ind. 
Factories:     Fort  Wayne,  Ind.,  and  Madison,  Wis. 


SALES 

OFFICES 

Atlanta 

Dallas 

Milwaukee 

St.  Paul 

Boston 

Denver 

New  York 

St.  Louis 

Charlotte 

Detroit 

New  Orleans 

San  Francisco 

Chicago 

Grand  Rapids 

Pittsburgh 

Syracuse 

Cincitinati 

Kansas  City 

Philadelphia 

Yokohama,  Japan 

Cleveland 

Madison 

Seattle 
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Habirshaw  Wire  Company 


iJABlRStlJ^. 


Hlgb  Knd  Low 


Ofilces  Works 

MetTopoUlan  Tower  »»ur«si 

N<wYorkciiy  YonkeTS,  N.  Y. 


r 


/ 


ENGINEERS     ""="" 
AND  CONTRACTORS 

"CENTRAL  STATION  HEATING" 

For  Gties,  Towns,  O^eges,  Aiylunu  or  any  Croup  of  Buildinei 


DETAIL  INFORMATION  AND  ESTIMATES  GLADLY  FURNISHED 

'•WRITE  FOR  bulletins- 


American  District  Steam  Company 

GenenI  OAco  uid  Woib 

NORTH  TONAWANDA,  N.  Y. 


SINGLE  PHASE 
MOTORS 

(KEPULSION-INMICnONI 

—COST  LESS  TO  GET  READY  TO  SERVE 
—WILL  NOT  IMPAIR  YOUR  LIGHTING  SERVICE 
—STARTING   TORQUE    250*    OF    FULL    LOAD   TORQUE 
—INTERCHANGEABLE  104-a08-VOLT  CONNECTIONS 
—ADAPTED   TO    REMOTE   AND    AUTOMATIC   CONTROL 
-EXCEPTIONALLY  QUIET  IN  OPERATION 
—MAKE  SATISFIED  POWER  CUSTOMERS. 

CENTURY   ELECTRIC   CO. 

1«TH  AND  OLIVE  STS.  ST.  U>IIIS,  MO. 


Every  Meeting  of  Lighting  Men 


held  anywhere  during  the 
year    is    reported  in  the 


Electrical  World 


Every  paper  and  discussion  that 
has  a  message  or  thought  of  im- 
portance to  the  central-station  in- 
dustry is  brought  to  the  attention  of 
ELECTRICAL  WORLD  readers. 

This  matter  alone  should  make 
the  ELECTRICAL  WORLD  in- 
dispensable to  every  central- 
station  man. 

In  addition,  the  ELECTRICAL 
WORLD  prints  in  every  issue  a 
special  department  devoted  to 
central-station  matters  fiiUy  cover- 


ing every  phase  of  the  engineering, 
legal  and  commercial  phases  of 
the  subject. 

The  ELECTRICAL  WORLD  is 
certainly  worth  many  times  three 
dollars  a  year  to  any  central-station 
man,  yet  that  is  the  trifling  cost  of 
a  year's  subscription. 

If  you  aren't  a  subscriber,  send 
your  order  with  $1.00  for  a  twenty 
week  trial  subscription  and  see  for 
yourself  how  the  WORLD  can 
help  you  to  bigger  profits. 


Electrical  World,  239  W.  39th  Street,  New  York 


AN  ELECTRICAL  JOURNAL 
FOR  ELECTRICAL  PEOPLE 

The  Electrical  Review  and  Western  Electrician 

is  the  live  exponent  of  development  in  the  electrical  industry.  It  is 
a  compr^ensive  medium,  presenting  interesting^  each  week  the 
news  in  all  departments  of  dectrical  endeavor: — the  production  and 
sale  of  electrical  energy,  represented  by  the  commercial  department 
of  the  central  station;  the  purchase  and  distribution  of  electrical 
material,  representing  the  jobbing  and  supply  interests  of  the  country  ; 
the  installation  of  electrical  material  and  fittings,  representing  the 
construcdoD  interests  of  the  country ;  and  the  manufacturers  of  current- 
consuming  devices. 

Published  Weekly.    $3.00  per  Year* 


Electrical  Review  and  Western  Electrician 


608  South  Dearborn  Street, 
CHICAGO,  ILL. 


13  Park  Row, 
NEW  YORK  CITY. 
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Henry  L.  Doherty  &  Company 


Bankers 


60  Wall  Street        •/        V        New  York  Gty 


UVE  WIRES,  INVESTIGATE! 

If  you  want  to  put  more  load  on  your  Station  and  boost  butinets 
generally  for  your  Company — at  no  expense — this  is  a  vital  message 
for  you.     Otherwise  it  may  not  interest  you. 

A  unique,  feasible  and  effective  plan  hat  been  perfected  for  boosting  tbe  business 
of  any  Central  Station  —  without  cost  to  the  Station,  That  it  ivorks  may 
be  judged  from  the  fact  that  it  has  been  approved  and  adopted  by  Central 
Stations  in  over  sixteen  hundred  cities  and  towns  and  has  the  hearty  endorse- 
ment of  well  known  Central  Station  officials  in  all  parts  of  the  country. 

Yonr  Company  can  adopt  it — without  one  cent  of  C€fst  —  and  itcottsonly  a 
postage  stamp  to  investigate.  If  youVe  a  live  wire  and  a  believer  in  up-to-date 
methods,  write  at  once  for  full  particulars,  including  list  of  Companies  adopting  the 
plan  and  the  'personal  opinions'  of  other  live  wires  in  the  Central  Station  fiekL 
You'll  understand  their  enthusiasm  when  you  get  the  details. 

This  is  a  real  opportunity  for  you.  Everything  to  gain  —  nothing  to  lose.  Why 
not  write  for  particulars  now  —  while  you  think  of  it  ? 

POPULAR  ELECTRICITY  PUBLISHING  CO. 

353  No.  Clark  Street  Chicago 
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We  Finance 


Extensions 


and 


Improvements 


to  Electric  Light,  Power  and  Street  Railway 
properties  which  have  established  earnings. 
If  prevented  from  improving  or  extending 
your  plant  because  no  more  bonds  can  be 
issued  or  sold,  or  for  any  other  reason, 
correspond   with  us. 

Electric  Bond  and  Share  Co. 

(Paid-up  Capital  and  Surplus.  $12,000,000) 

71  Broadi/vay  Neur  York  City 

Dealers  in  Proven 
Electric  Light,  Power  and  Street  Railway 

Bonds  and  Stocks 
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STONE  &  WEBSTER 

CHARLES  A.  STONE  •  EDWIN  S.  WEBSTER  •  RUSSELL  ROBB    I 
HENRY  G.  BRADLEE      •      EUOT  WADSWORTH 
DWIGHT  P.  ROBINSON  •  JOHN  W.  HALLOWELL 


Stone  &  Webster-Securities  Department 

SECURITIES  OF  PUBLIC  SERVICE  CORPORATIONS 


Stone  &Webster  Engineering  Corporation  | 

CONSTRUCTING  ENGINEERS 

Water  Power  Developments     Transmission  Lines 
Steam  Power  Stations       Gas  Plants      Electric  Railways 

Industrial  Plants  and  Buildings 


Stone  &  Webster  Management  Association 

[  Incorporated  ] 
GENERAL  MANAGERS  PUBLIC  SERVICE  CORPORATIONS 
Street  Railways         Interurban  Railways 
Electric  Light  Companies         Power  Companies 

Gas  Companies 

NEW  YORK  BOSTON  CHICAGO 
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Bufldupyouroff-peakload 

—by  installing 

# 


lamp-socket  appliances* 


Eventually,"  it  is  claimed,     the  cooking  load  will  exceed 
the  lighting  load,"  and — **that  day  is  not   remote!" 

But,  in  the  meantime,  central  stations  can  considerably 
lessen  the  discrepancy  between  **peak"  and  **valley" 
loads,  by  conducting  appliance-selling  campaigns  and 
introducing  "day-current  consumers." 

The  cost  of  such  a  selling-campaign  is  offset  by  the  profits 
on  the  sale  of  the  appliances.  And  their  use  is 
immediately  productive  of  largely  increased  revenue— 

— an  electric  iron  alone  earns  an  average  of  60c  per 
month — 

— while  other  lamp-socket  appliances,  used  thrice  daily 
in  the  preparation  of  meals,  consume  as  much  or  more. 

Hotpoint  appliances  are  BEST  KNOWN  ! — more  of  them 
are  in  active  service  in  all  parts  of  the  world  than  any 
other  line  of  electrically  heated  household  appliances. 
They  are  handsome,  efficient,  durable,  guaranteed, 
reasonably  priced,  and  nationally  advertised. 

Our  Day  Load  Bureau  will  be  pleased  to  devote  especial 
attention  to  your  individual  problems.  Expert,  capable 
advice,  campaign  plans,  salesmen's  manuals,  advertising 
matter  and  sales  literature,  office  forms — everything  ! 
— yours,  for  the  asking. 

Hotpoint  Qectric  Heating  Company 


'  'Largmst  Exelutivm  Manufacturmrm  of  Etmctricaltx 
Hmatmd    HougehoU   Appliancma   in    thm    World. 


I  > 


New  York  Ontario  California  Chicago 

Vancouver  Toronto 
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WILLIAM  A.  POPE 

CONTRACTOR 


Power   Plant  Piping 
Complete  Heating  Plants 


26  NO.  JEFFERSON   STREET 


CHICAGO 
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